Polynuclear copper-lanthanoid complexes of pyridone ligands by Milne, Paul Edward Young
Polynuclear Copper-Lanthanoid Complexes of 
Pyridone Ligands. 
by 
Paul Edward Young Mime. 
Thesis Presented for 
the Degree of Doctor of Philosophy. 
The University of Edinburgh 
November 1993. 
Declaration. 
I declare that this thesis has been entirely composed my myself 
and that the work described herein is my own work except where speci-
fically mentioned either in acknowledgement, reference or text. 
Abstract. 
The crystal structures of several copper and mixed copper-
lanthanoid complexes are reported, using the 6-chioro and 6-methyl 
derivatives of 2-pyridone as a ligand. 
With 6-chloro-2-pyridone a novel dimeric copper complex results, 
which has been structurally and physically studied. This species 
under certain conditions exhibits a dissociation reaction which has 
been examined using U.V.-vis. and E.P.R. spectroscopy and by cyclic 
voltammetry. Reaction of this dimeric copper compound with methanol 
and ethylene glycol results in the formation of tetranuclear and 
polymeric copper complex respectively which have both been structur-
ally characterised. The reaction of this copper dimer with various 
lanthanoids results in the formation of a series of mixed copper 
lanthanoid species based on four structural types. Reactions in 
methanol/dichioromethane result in three structural configurations 
depending on size of lanthanoid used (with La and Ce, LnCu 3 with five 
ligands; with Gd, Dy and Er LnCu 3 with eight ligands and for Yb 
Ln 2 Cu 2 with four ligands). The reaction of lanthanum with the dimeric 
copper species in a variety of solvents gave a further two struc-
tures, one of which (in ethanol) has a similar structure to those 
observed with Gd, Dy and Er in methanol, while in acetonitrile a 
fourth structural type occurs (based on La 2Cu2 with six ligands). 
With the 6-methyl-2-pyridone an unusual hexanuclear 'metallo-
crown' results which has been characterised structurally and by 
proton and sodium-23 NMR. The reaction of this species with lantha-
noids in methanol yields a range of closely related mixed copper-
lanthanoid compounds all based on Ln 2Cu 2 (as seen for the product of 
Yb with the copper dimer in methanol). The only difference between 
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the structures is a change in the coordination number of the lantha-
noid between Sm and Gd to accommodate the contraction in lanthanoid 
size. The mixed phase reaction of this 'metallocrown' with lanthanum 
nitrate yields an extremely remarkable structure based on a La 8 Cu 12 
core. 
Along with detailed structural description additional considera-
tion is given to packing motifs, copper distortions and the coordina-
tion geometries observed around the lanthanoid ions. 
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"Woof', said Scamper, exactly as if he understood every word, and 
agreed thoroughly. He wagged his tail and ran in front of them. He 
knew it was dinner time if they didn't." 
Enid Blyton. 
"Quieta movere magna merces videbater." 
"Just to stir things up seemed a great reward in itself." 
S allust. 
"Why work in the dark when God gave us the light switch?" 
M. Neil. 
16 
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Chanter k Introduction. 
Copper and the Lan thanoids. 
The marriage of copper and lanthanoid elements seems a strange 
one, for as metals copper and the lanthanoids could almost be oppo-
sites. 
Copper, along with gold, were probably the first metals known 
to man and certainly it was the first metal to be extensively used by 
man 1 ' 2 . Discovery and utilisation of this element dates to prehistory 
(first uses have been estimated at 5000 BC or earlier). The Egyptians 
smelted copper from malachite (CuCO 3 .Cu(OH) 2) as long ago 3500 BC or 
possibly earlier. Indeed through the ages copper is second only to 
iron in usefulness to man. In contrast the lanthanoids are comparat-
ively young, first discovered in 1751 by Axel Fredrik Cronstedt 
(Cerite) and Carl Axel Arrhenius in 1787 (ytterite) as "earths" 
(oxides) 3 . However these so called 'elements' turned out to be com-
plex compositions of several lanthanoids and it was not until 1907 
that all the lanthanoids were isolated (apart from the radioactive 
element promethium). The first recorded commercial use of any lantha-
noid was in 1891 of 1% of the material in a gas mantle 4 . 
Copper is biologically very important, being the second most 
abundant transition metal in the human body 5 ' 6 . Biology has used this 
metal: as an oxygen carrier in hemocyanin (some molluscs and arthro-
pods); as 'blue' oxidases in laccase (trees), ceruloplasmin (animal) 
and ascorbate oxidase (plants); and electron carriers in azurin 
(algae) to name but a few examples. The lanthanoids are not naturally 
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involved in any biological systems (at current knowledge 7). Surpris-
ingly the lanthanoids collectively are more abundant in the earths 
crust than copper 1 ' 3 ' 4 , the most abundant lanthanoid is cerium which 
has a similar crustal abundance to tin and the least abundant natural 
lanthanoid is thulium, which, even so is still more abundant than 
silver. 
Polymetallic systems. 
A metal alone is interesting, but the possibilities that arise 
from the interactions of two or more metal elements are limitless. 
Biology has not been slow to appreciate this, for example 
marrying iron and molybdenum in nitrogenase 5 ' 6 (found in blue green 
algae one of the oldest organisms), or using copper and zinc in 
superoxide dismutase (red blood cells) and cytochrome c oxidase 
(plant cells, yeasts). Likewise man soon learnt the benefits to be 
gained from mixing metals, bringing copper and tin together to form 
bronze as long ago as 4000 BC. Current day usage of polymetallic 
materials are as wide as they are varied. Materials ranging from: low 
technology rust protection (galvanising and electroplating) to high 
technology materials (e.g. nanostructured magnet S8  and superconduc-
tors 9 " °); also commercially important alloys (e.g. of iron") and 
catalysts 12 to materials of more purely scientific interest such as 
heterometallic bonds 13 , heterometallic clusters 14  and unusual magne-
tic behaviour in binary transition metal systems 15"7 . 
Polymetallic Transition Metal Lanthanoid systems. 
Although the area of polynuclear chemistry is vast, examples of 
mixed metal materials involving lanthanoids are rare (most examples 
are confined to the realms of material science and solid state phys- 
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ics). The properties arising from the interactions 	of transition 
metal ions and lanthanoid ions are of possible relevance to several 
areas of science: high technology magnets' 8 such as Sm 5Co and 
Nd2Fe, 4B' 9 ; as memory storage devices (magnetic bubble 
memories) 20 ' 21 ; fast relaxing lanthanoids such as Dy (III) and 
Eu(III) as contact pseudo shift reagents for transition metal com-
plexes 22 and metal containing biomolecules 23 ; and in super conductors 
where for example the yttrium in the 1-2-3 superconductor YBa 2 Cu 3 O7 
may be replaced for magnetic lanthanoids without altering the super-
conducting properties significantly 2426 . 
In order to fully utilise these magnetic interactions that 
occur been 3d and 4f elements it is necessary to understand the 
nature of these interactions. The exchange interaction between lan-
thanoid and transition metal ions has long been debated within the 
physical literature, particularly in conjunction with orthoferrites, 
orthochromites and garnets 2730 . Although these papers contain accur -
ate investigations on the nature of the magnetic interaction, gener-
ally they do not attempt to correlation the magnetic behaviour to 
electronic structure, in these and related studies. One of the diffi-
culties in performing such a correlation on these systems is the 
intrinsic complexity of these systems, with an infinite array of 
interacting spin centres within the ionic lattice. There is also an 
inherent slight flexibility of the ionic lattice in mixed metal 
oxides, which makes it difficult to assign accurate coordination 
environments and therefore inter-metallic relationships. It would 
therefore be desirable to prepare a 'simple' system in which the 
complete structure can be fully described, containing relatively few 
transition metal and lanthanoid ions (for simplification of magnetic 
studies), i.e. a molecular model. In such a system the coordination 
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environment and. the inter-nuclear relationship of spin centres can be 
accurately described by single crystal x-ray diffraction analysis and 
the exchange interactions of these metallic centres can be studied by 
variable temperature magnetic susceptibility measurements. The struc-
tural relationship between the spin centres on a local level deter-
mines the local magnetic behaviour and ultimately the macroscopic 
magnetic behaviour of the material (be it ferrimagnetic, ferromagne-
tic, antiferromagnetic or diamagnetic). Therefore the understanding 
of the structural-magnetic relationship on a molecular scale is 
fundamental in understanding the unusual (and useful) magnetic pro-
perties of mixed transition metal lanthanoid materials. 
The structural-magnetic relationship has been studied with some 
degree of success with mixed transition metal specie S31,  where the 
magnetic behaviour can be rationalised on the basis of the spatial 
relationship between the interacting paramagnetic centres (by for 
example intermetallic distance and nature and mode of bridging li-
gands). The extension of these studies to mixed transition metal 
lanthanoid spin systems offers not only a chance to further under-
stand the relationship between structure and magnetic behaviour, but 
also gain further insight into the peculiar properties of these 
materails such as superconductors. 
1.2 Previous Work i n 	Metal Lanthanoid iQil  Mixed Metal 
Complexes. 
Surprisingly there are few examples of complexes containing 
transition metal ions and lanthanoid ions in the literature and fewer 
still have been studied by structural and variable temperature magne-
tic analysis. The first example, to my knowledge, of a isolated mixed 
transition-metal-lanthanoid complex was published in 1975 by Condor- 
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elli et a132  incorporating lanthanoid salts with a Schiff base complex of copper 
forming a lanthanoid salt - transition metal complex adduct. The products where 
neither studied by single crystal X-ray analysis or variable temperature magneto-
metry. 
The first structurally characterised example of a lanthanoid-
transition-metal complex in the literature was published by Trombe, 
Gleize and Gal y33 in 1984 reporting a series of mixed Ni(II) I 
Ln(Ill) complexes with the general formula Ln 2(H2O)2 Ni(S2C2O2)6 [n=5 
for Ln= (Y), La, Ce, Nd, Sm, Eu, Gd, Dy; n=6 for Ln= Er, Yb]. Soon 
after this in 1985 came the first example of lanthanoid-transition-
metal complexes which had been both structurally characterised and 
studied by variable temperature magnetometry. Gatteschi et a134 , 
reported two mixed Cu(II) I Gd(llI) schiff base complexes, determined 
their structure by X-ray diffraction and studied the temperature 
dependence of the magnetic susceptibility of both species between 1.2 
and 300K. From this data it was concluded that a fairly substantial 
ferromagnetic coupling occurs between the Gd(Ill) and Cu(H) cen-
tres. Since 1975 twenty three examples of heterometallic complexes 
containing lanthanoid and transition metals have been reported in the 
literature; only fifteen of these compounds have been structurally 
characterised by X-ray analysis and there are ten examples of vari-
able temperature magnetic measurements. 'Table 1.1 presents a summary 
of the previously isolated mixed transition-metal-lanthanoid com-
plexes reported in the literature, briefly commenting upon the re-
suits of any analysis undertaken (such as X-ray structure and V.T. 
magnetometry). 
[note: Although yttrium is not strictly speaking a lanthanoid an 
example of a Y-Cu complex is included as it is relevant to the work 
described in this thesis.] 
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Table 1.1: Survey of Mixed Transition Metal - Lanthanoid Complexes found 
in The Literature.  
Year 	Ref. 	Compound Metals Ligand Analysis and Comments. 
Systems 
1975 	32 	[Cu(sa1en)]2La(NO3)3 Ln III= La, Sm schiff No X-ray struct: Characterised 
Eu,Ho,Yb,Lu base by elemental analyses, molar 
/ Cu conductance, UV/Vis. and i.r. 
1984 	35 	Ln(OH)Ni(aapen) Ln 
III=  La,Nd schiff No X-ray struct: Characterised 
Eu,Ho,Yb,Lu base by elemental analysis, UV/Vis, 
/ Ni and i.r. RT nag. 	sue. 	is 
reported. 
Ln(OH)Cu(aapen) Ln III=  La,Nd schiff No X-ray struct: Characterised 
Eu,Ho,Yb, base by elemental analysis, UV/ViS, 
/ Cu and i.r. RT nag. 	sue, 	is 
reported. 
1984 	33 	Ln2 (ll20) 2 Ni 3 (S 2 C202)6 Ln 
III=  La,Ce dithio- X-ray struct: Polymeric chains 
Nd,Sm,Eu,Gd oxalato of alternating Ni-ligand-Ln- 
Dy,Er,Yb -ligand entities. 
/ Ni 1 ' (n=5 for La-Dy;n=4 for Er,Yb). 
1984 	36 	LaX3Ni(sa1pn) LnULa ,Nd schiff No X-ray struct: Characterised 
Eu,Ho,Tb,Ho base by elemental analysis, UV/Vis, 
Er,Tm,Yb/ and i.r. 	(X= NO 3' 
 CIO 	,NCS,Cl) 
Ni 11 
LnX3 Cu(salpn) Ln III,  La,Pr schiff No X-ray struct: Characterised 
Nd,Gd,Eu,Ho base by elemental analysis, UV/Vis, 
Tm,Yb/ Cu II and i.r. 	(X= NO3 ,C1049  NCS,Cl)  
1985 	37 	LnNi(depap)(NO3 ) Ln III=  La,Pr schiff No X-ray struct: Characterised 
Eu! Ni l ' base by elemental analysis and i.r. 
1985 	38 	Ln (NO ) ) ) [Cu(salpn)12 Ln111 =Ce,Eu schif I X-ray structure for Ce only, 
Dy / Cu" base two Cu(salen) units encapsul- 
ating a ten coord, central Ce. 
Ln (NO 3)3[Ni(salpn}(pn}]2 LnU =La to schiff No X-ray Struct: Characterised 
Lu / Ni base by elemental analysis, X-ray 
pwd diff., UV/Vis., and i.r. 
1985 	34 	Gd(1120) 3 [Cu(hapen)] 2 Gd"1  /Cu ' 1 schiff X-ray Struct: Two Cu(hapen) 
base units encapsulating a seven 
coord. Gd. 
VT nag: Ferromagnetic coupling 
between Gd and Cu and Anti- 
ferromagnetic coupling between 
the Cu atoms. 
Gd(1120)3[Cu(sa1en)12 Gd 
III  /Cu ' 1 schiff X-ray Struct: As hapen struct. 
base VT nag: As hapen struct. above 
1986 	39 	Ln(1120)(NO3)3[Cu(sattn)]2 	Ln111 Eu,Gd schiff 	X-ray Struct: Two Cu(saltn) 
/ Cu11 	base unit around a nine coord. Gd 
(nitrate) core. 
VT nag: Weak ferromagnetic 
coupling between Gd and Cu and 
weak antiferromagnetic between 
the Cu atoms. 
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Table 1.1 cont..: Survey of Mixed Transition Metal - Lanthanoid Complexes 
found in The Literature 
Year Ref. Compound 	Metals 	Ligand Analysis and Comments. 
Systems 
1988 	40 	LnCu(fsaen)(1120) Ln 
III=  La to schiff No X-ray struct: Characterised 
ft II 
Lu/ Cu base by Elemental analyses, UV/Vis. 
and i.r. 
(41) for Ln=Gd VT nag: Weak ferromagnetic 
only coupling between Cu and Gd. 
1989 	42 	Ln2 Cu4 L(llL) 4 (OH) 2 (NO3)4 Ln 1 =Gd,Dy pyridone X-ray struct: Ln2 Cu4 complex, 
(NO3 ) 4 H2 0) 2 /C with the metals forming an 
approx. octahedron 	with the 
Lns trans and a puckered Cu  
plane. 
1990 	43 	Ln(hfa0 1 Cu(satn)(OH) Ln1 =Gd,Dy schiff X-ray struct: Dimeric complex 
II 
/ Cu base forming Cu2 Dy2O4 'step' (about 
a Dy2 (OH) 2 ring). 
VT nag: For Gd; Ant iferromag- 
netic coupling between the two 
Gd atoms, weak ferromagnetic 
coupling between Cu and Gd. 
For Dy the interactions are 
complex. 
1991 	44 	Y2 Cu8 L12 C1 2 (0) 2 (NO3)4 Y111  /Cu TT pyridone X-ray struct: Oligonuclear 
species with a Y2Cu4O 10 core, 
where the metals describe a 
eq. elongated octahedron. 
(50) VT nag: Antiferromagnetic int- 
eraction between Cu atoms. 
1991 	45 	La4Cu4½(HL)8(C104)(NO3)2 LaUI /Cu  Il pyridone X-ray: Eight metal species 
(OH)2(eO)2 with an La4 plane dividing two 
Cu 	pairs. 
Gd2 Cu4 4 C1 4 (liL) 4 (H 20)4 Gd111  /Cu 11 pyridone X-ray: Hexa-metallic species with the two Gd atom trans 
across a Cu 	distorted sq. p1. 
giving an octahedral M6 array. 
VT nag: Ferromagnetic coupling 
between Gd and two Cu atoms; 
antiferromag. between the two 
GdCu2 half units. 
1992 	46 	LnCu2 (C4 04 ) 4 (ll20)4 Ln'=La,Gd 
squaric X-ray struct: Forming polymer- 
/ Cu acid ic sheets with banded zones of 
Cu and Ln bridged by C 4 0  4 
units. 	(n4 for La;n5 for Gd) 
VT nag: No significant inter- 
action between Cu and Gd. 
Thermal decomposition to 
Ln 2CuO 4 . 
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Table 1.1 cont.: Survey of Mixed Transition Metal - Lanthanoid Complexes 
found in The Literature 
Year Ref. Compound 	Metals 	Ligand Analysis and Comments. 
Systems 
(H 20) 	Ln 111 =La to propyl- X-ray struct: Polymeric double 1992 	47 	[Ln (ox)][Cu(pba)]3Cu  
Gd/ Cu 	enebis- sheets, formed by ladders of 
oxamato Gd 2Cu 3(pba) 3 joined by oxalic 
units bridging two Ln atoms. 
VT mag: Weak ferromagnetic 
coupling between Cu and Gd. 
LnLa to propyl- X-ray struct: Polymeric tubes, 1992 48 	Lu2 [Cu(pba)] 3 
Gd/ Cu 	enebis- with a Maltese Cross, cross 
oxamato section. 
VT mag: For La. ferromagnetic 
between the Cu atoms; For Ce, 
Pr and Sm, net weak antiferro 
magnetic interactions; for Nd 
exhibits a non magnetic g.s.; 
and for Gd, ferromagnetic 
coupling between Cu and Gd. 
 49 	Ln2 [Cu(pba)] 3 	 Ln111 =Tb to propyl- X-ray struct: Polymeric lad- 1992
 Cu 	ders with a square Ln atoms 
oxamato with the edges bridged by a 
Cu(pba) unit with each Ln in 
two such squares. 
VT inag: For LnTb,Dy and Er; 
Ferromagnetic coupling between 
Ln and Cu centres. 
1992 50 	Nd2 CUg L12 CE 2 (0) 2 (0C113)4 	Nd III  /Cu ' 1 	pyridone X-ray struct: Octametallic 
(OH2JA 	 species with almost identical 
structure to Y2Cu8 
44 
VT mag.: Strong Nd-Nd inter-
action, but data has yet to be 
fully analysed. 
notes for table 1.1: The ligands used in the complexes are illustrated 
in figure 1.1. 
This summary does not include any work discussed in this thesis. 
Abbreviations: 	struct 	structure. 
pwd diff powder diffraction. 
VT mag 	Variable temperature magnetometry. 
RT 	Room temperature (298K). 
mag. magnetic. 
sus. 	susceptibility. 
g.s. groud state. 
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Figure 1.1: Summary of Ligand Systems Used in Copper Lanthanoid Complexes. 
Schiff Bases: 
H1 salen = N.N' ethy lenebis (sal icy ladi mine) 	 OH HO ib 
H4aapen = N,Nethylenebis[2(1-oxo-3-aminobut-2-ene)phenoll 	- 	- 
	
/ OH HO 	/ 
H2salpn = N,N'propylenebis(salicyladimine) 	6OHHO -b 
EL 	 F1 
N Nt 
H4depap = N,N'ethylenebis [2(1 xo-3-aminopent-2-ene)phenol1 	 O 
OH HO 
H,hapen = N,N'ethylenebis(hydroxyacetophenonimine) 
	
N ' N - 
OH HO 
N 	N-k 
H4fsaen = N,N'ethylenebis(3-carboxysalicyladimine) 	 OH HO - 
OH HO-< 
0 	 0 
Th 
N 
H2satn = N-3(aminopropyl)salicyladimine 	
JIOH 
Oxalate/ Oxamates 
and Related Systems. 
O NHHN 0 
O 	01-i  HO 	0 
HO HO 0 
rs H2S2C202 = dithiooxalic acid 	H20x = oxalic acid HO S 	 HO   
HO 	0 
H4pba = propylenebis(oxamate) 	HO0 
H2C404 = squaric acid 
Pvridone and 
Other Ligands Used. 
2-pyndone 
HO N (2-hydroxypyridine) 
hfac = 1,1,1,5,5,5-hex-
CF3 	CF 	 fluoropenta-2,4- 
dione. 
It is difficult to draw any concrete conclusions from this body 
of work, with so much work still to be done. However from the magne-
tic studies, we can conclude that the nature of the Cu(II) Gd(III) 
interaction is ferromagnetic 34 ' 39 ' 41 ' 43454749 . The nature of the 
magnetic interaction to other lanthanoid has been less studied, and 
so is much more uncertain. 
From table 1.1 there are three general types of ligand systems 
which have been used to coordinate both lanthanoid and transition 
metals, that is schiff base, oxalato/oxamato and pyridone based 
ligands. It is interesting to note that the type of ligand determines 
the size of the resulting complex: the complexes with schiff bases 
form complexes with typically two, three or four metals; the com-
plexes with pyridone form oligonuclear compounds (6-8); and the 
lanthanoid transition metal species with oxamato (and oxalato) der-
ived ligands form polymeric systems. A possible reason for this is 
that for schiff bases have their donor atoms very much on the 'in-
side' of the system, and hence on coordination of the transition 
metal complex to the lanthanoid species, the metal ends up encapsula-
ted within the outer 'organic' shell of one or two schiff bases. A 
similar argument can be used for the pyridone systems, except that 
due to the smaller size of the ligand, more pyridone ligands can be 
bound to the metals before the metals become encapsulated (8-12 
ligands). For the oxamato and oxalato ligand the ligand is bristling 
with donor atoms and therefore it not surprising that extended poly-
meric structures result (i.e. unlike the other ligand systems there 
is no 'organic' side to the ligand which could envelop the coordina-
ted metals). 
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1.3 Ligand Systems. 
From the above discussion the choice of ligand system deter-
mines the type of products formed (be it bimetallic, trimetallic or 
polymeric). Therefore before going into more lengthy discussion on 
the nature of each ligand system used (schiff base, oxalate/oxamate 
or pyridone) there are a few general consideration to be taken into 
account when considering a ligand system suitable for binding both 
transition metal and lanthanoid entities. 
In order to combine transition metal and lanthanoid ions within 
the same complex, a ligand system is required which can bind to both 
metals. Hence in choosing a ligand system the nature of the metals 
must first be taken into consideration. 
The lanthanoids as a series are highly electropositive 51  and 
are readily oxidised to the tripositive state (an oxidation state 
that very much dominates lanthanoid chemistry). The Ln 3 ions are 
highly oxophilic and tend to form complexes of high coordination 
number typically 7, 8 or 9. Therefore a ligand system should have an 
oxygen donor. The choice of donor atoms to coordinate transition 
metals is dependent on the transition metal used. For example Ni(II) 
and Cu(II) (the only two transition metals used in table 1.1) would 
be suitably accommodated by donor atoms such as 0, N and S. 
To summarise a suitable ligand system to coordinate both lan-
thanoid and transition metal ions, such as Ni(II) and Cu(II), would 
be for example a polydentate system with an array of oxygen, oxygen-
nitrogen or oxygen-sulphur donor atoms (as observed with the ligand 
systems employed in table 1.1). 
1.3.1 Schiff Base Ligand Systems52 
Schiff base ligands such as those illustrated in figure 1.1, 
27 
contain a polydentate array of nitrogen and oxygen donors and there-
fore, using the criteria discussed above, such a system should be 
ideal to coordinate transition metal and lanthanoid ions, a point 
which is illustrated by the number of examples of lanthanoid-trans-
ition-metal complexes with a schiff base ligand system in table 1.1. 
Schiff base complexes are extremely versatile, complexes with 
p-block elements 53-55, transition meta1 5557 and lanthanoid ion S51-61 
are all well known and characterised. Polymetallic systems are also 
well established and indeed there are several examples in which homo 
and hetero mixed transition metal complexes have been characterised 
and magnetically studied62 . 
1.3.2 Oxalate L Oxamate and Related Ligand Systems. 
The oxalate and oxamate ligand systems (and also the squaric 
acid ligand systems), which have been used to coordinate transition 
metal and lanthanoid ions, are polydentate systems with oxygen 
(oxalic acid, squaric acid), oxygen nitrogen (prop ylenebi sox amate) 
and oxygen sulphur (dithiooxalate) donor atoms. These ligands are 
illustrated in figure 1.1. As previously discussed these ligand 
systems form polymeric mixed transition metal lanthanoid ion species. 
Complexes with oxalates and derived systems are well known 64 . 
Oxalate complexes are usually noted for their insolubility, for 
example the precipitation of lanthanoid oxalates from dilute nitric 
acid solutions 65.66  is a quantitative and fairly specific separation 
procedure for the lanthanoids. Oxamate systems such as the propylene 
bridged example used in mixed transition metal - lanthanoid species 
(seen in table 1.1), have a history of usage in forming mixed trans-
ition metal polymers particularly for magnetic studies. For example 
the bimetallic polymers with the general formula [MCu(pbaOH)(H 20) 3 ] 
W-1 
where M = Fe, Ni, Co, Zn have been synthesised and studied by variab-
ly temperature magnetometry 67  as has the mixed Mn(II)/Cu(II) and 
Ni(II)/Cu(II) systems 68 . A closely related system to this bisoxamate 
system is the oxamidate ligand, which also has been used to coordi-
nate hetero mixed transition metal ions69 . 
1.3.3 2-P3ridone and Related Ligand Systems. 
In table 1.1 there are three examples where pyridone (2-pyri- 
done) 	ligands 	have 	been used 	to coordinate transition metal 	and 
lanthanoid 	ions 42.44,45,50 forming, in 	each case, 	a polynuclear 
systems with between six to ten metals. 
Two derivatives of 2-pyridone, 6-chioro and 6-methyl-2-pyri-
done, have been used as the ligating system of choice in the work 
described herein. Therefore, the following discussion on 2-pyridone 
and related ligands are discussed in greater detail, with particular 
attention to the 6-chioro, 6-methyl and the 2-pyridone ligands 
(illustrated in figure 1.2). 
Figure 1.2. The Pyridone Ligand System 
X=H: 2-pyridone (HL) 
X--C1: 6-chloro-2-pyridone (HLCI) 
X 	N 	
X=Me: 6-methyl-2-pyridofle (HLMe) 
H 
Pyridone ligand systems (such as those in figure 1.2) have two 
donor atoms with an exo-cyclic oxygen and an aromatic ring nitrogen 
donor and are therefore suitably organised (in theory) to coordinate 
both transition metals and lanthanoid ions. The oxophilic lanthanoid 
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can bind to the exo-cyclic oxygen, while the transition metal [such 
as Ni(II) and Cu(II)J can bind to the ring nitrogen of the pyridone 
system. Such a coordination of paramagnetic metal ions (as observed 
with 2-pyridone 44.45.50) also holds the metals in reasonably close 
proximity to each other, and along with the delocalisation within the 
pyridone system should give rise to substantial magnetic interactions 
between the spin centres (as observed with the Gd 2Cu4 system45). 
The protonated form of the pyridone species are mainly noted 
for their tautomeric behaviour between 'enol' and 'oxo' conformations 
(illustrated in figure 1.3). 
Figure 1.3. The Enol/Oxo Tautomerism in Pyridone Systems 
X "NO 
	 X nNOH 
'oxo' form 
	 'enol' form 
The position of the 'enol'/'oxo' equilibria for 2-pyridone and its. 
derivatives has widely been studied 7o72•  From these studies it has 
been established that whereas 6-chloro-2-pyridone 7 ' prefers the 
'enol' form, 6-methyl-2-pyridone72 prefers the 'oxo' conformation. 
The pyridone ligand is an extremely versatile ligand and has 
been extensively studied forming compounds with numerous transition 
metal elements, from vanadium 73  and chromium 74 ' 75 to palladium 76.77 
and Copper 78 ' 79 , via technetium 80, osmium and cobalt 83 . to name 
but a few examples. The pyridone ligand not only exhibits its versa- 
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tility in the range of elements it has been complexed with but also 
in the variety of bonding modes this ligand can adopt (which presum-
ably contributes to the reason why this ligand bind to such a range 
of elements). Figure 1.4 (see over) illustrates the variety of dif-
ferent bonding modes observed for this ligand, from monodentate to 
trinucleating. The most common binding mode by far is a bridging mode 
with either one 95 , two 81 ' 87 ' 9698 or four74 ' 7678 ' 80828893 
ligands spanning two metals, in some cases stabilising a metal-metal 
bonding interaction. Some of the more unusual complexes of this 
ligand system are: a mixed valence polymer of technetium {TcL 4Cl} 80 ; 
[Re 3 L(CO) 10](PPN) 95  and Rh 4L 4 (CO) 6 99 cluster complexes; a cubane 
Cr 4 (OH ) 4 (LMe) 875 structure; a bridged copper square Cu 4 (LMe) 479 ; and 
an extraordinary dodeca-cobalt complex, Co 12(OH)6(O2CCH3)3 (LMe) 1283 . 
Most examples of polymetallic species are homonuclear species, 
but a few examples of heterometallic compounds with a pyridone ligand 
system has been reported' 00" 01 (excluding the mixed 'transition 
metal-lanthanoid complexes 42 '45°). 
As far as I am aware no complexes with lanthanoid ions have 
been reported (again with exception of the mixed transition metal-
lanthanoid compound s 42 ' 4445 ' 50), although lanthanoid complexes with 
the related pyridine N-oxide ligand have been published 102 . Magneto-
metry on these systems have been sparse but variable temperature 
magnetic studies have been carried out on a series of Ru dimers with 
6-chioro, 6-bromo and 6-methyl-2-pyridone 90 . 
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Figure 1.4. The Binding modes of the 2-Pyridone Ligand 
Mode 
Mononucleating Examples 
M—O_( {Fe(HLMe)6][NO3]3 94 
x 
x 




Chelating (TI 2) 0 
M ' 
(p 1 -N, 	-O) NN [Mo(Cp)2L] [PF6] 86 
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x 
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1.4 Aims and Methodology. 
Having looked extensively at previous examples of transition 
metals lanthanoid complexes, it now remains for me to outline the 
aims and method of application adopted during this work and the 
philosophies behind them. 
The scientific objective of this work was to synthesise 	a 
range of mixed transition metal lanthanoid compounds, determine their 
structure and their magnetic behaviour (over a wide temperature 
range) so that on the correlation of these properties a greater 
understanding of the exchange interaction between the 3d and 4f spin 
centres can be achieved. 
The first step in this process was the choice of suitable 
'building blocks' so that such a mixed transition metal lanthanoid 
complex can be prepared, that is for example choice of ligand system, 
transition metal and lanthanoid source. Such a choice was based on 
three principle elements, suitability, history and resource, i.e. 
does it make sense (in theory), what has been done before (both 
globally and locally) and what is to hand (easily available and 
relatively affordable). Previous work had shown that the 2-pyridone 
ligand system (discussed in section 1.3.3) can coordinate to both 
Cu(II) and Ln(III) ions within the same complex, forming polymetallic 
complexes such as Ln 4 Cu 4L 8 (HL) 4 (OH ) 2(NO 3 ) 442 (where Ln= Gd, Dy) 
La4Cu 4L 8 (HL) 8 (C104)(NO3 ) 2 and Gd2Cu 4L 8 C1 4 (HL) 4(H 20) 445 . As discus-
.sed earlier 2-pyridone and related ligand systems are excellent 
ligands for polymetallic systems and with a N 0 donor set are per-
fectly organised for coordination of lanthanoid and transition metal 
ions (as illustrated by the mixed CuLn complexes with pyridone in 
table 1.142.44.45.50). 
For the purpose of this study the 6-chloro and the 6-methyl 
33 
derivatives of 2pyridone were used as the ligand systems. Like 2-
pyridone itself, these derivatives have had an extensive usage in 
numerous polymetallic systems (see section 1.3.3 for examples). The 
presence of an additional moiety in the six position, whilst not 
grossly altering the electronic behaviour of the ligand acts as a 
steric handle which can cause a change in the structure, e.g the loss 
of an axial ligand 81 ' 82 [from Os 2 L 4 C1 2 to 0s 2 (LC1) 4C1]. It was felt 
that this steric difference between 2-pyridone and the 6-substituted 
derivatives would lead to a range of different products, with the 6-
chioro and the 6-methyl systems providing neatly contrasting com-
plexes by virtue of their differing tautomerism. The dipositive state 
of copper was chosen as the transition metal of study. Copper was 
chosen for several reasons, not only because of previous studies 32-50 
(where copper containing complexes are the most numerous) and the 
availability of cupric salts but also due to coppers' single spin 
paramagnetic centre and also because of the role of this metal within 
the 1-2-3 superconducting lattice. From this therefore we have 6-
chloro and 6-methyl-2-pyridone as our ligand system and copper(II) as 
our transition metal, now we only require a lanthanoid source and of 
course a plan of action. Considering the lanthanoid source, the 
hydrated nitrate salts had previously been used 42  and were available 
and so the lanthanoid source was a range of hydrated lanthanoid 
nitrates. 
The second phase in preparation of these mixed Cu-Ln complexes, 
is to develop a method of approach. There are several synthetic 
routes towards these mixed metal materials. Considering the system in 
general terms there are three principle approaches which could be 
undertaken. 
: One Pot: The reagents LX, Cu(II) salt and Ln(NO 3 ) 3 , are reacted 
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together in 'one pot' (added one at a time or all together), then the reaction is 
allowed to proceed and after a set time the 'product(s)' is extracted. 
: Stepwise, via Ln(LX) 	Firstly the ligand and the lanthanoid 
source are reacted together to form a 'Ln(LX)'  complex which is 
isolated and characterised before addition of the copper salt to form 
the desired product. 
: Stepwise, via Cu(LX): Like 2 except the ligand and the copper 
salt are reacted together to form a copper-ligand complex which can 
be reacted with the lanthanoid source, to obtain the desired mixed 
copper-lanthanoid complexes. 
In previous examples42 ' 45 a reaction pathway close to ]. was 
employed to good effect, but it soon became evident, particularly 
with the ligand systems of study, that such a route was not suitable. 
This was because of the irreproducible nature of the reactions, due 
to a strong dependence on solvent, addition rate and concentration. 
Therefore it was felt that a more systematic approach should be 
adopted, and the natural choice of synthetic pathway was 3, the 
stepwise synthesis via a copper ligand complex (illustrated in figure 
1.5 over). That is firstly to prepare a copper complex with the 
pyridone ligands (discussed in chapter 2), and once this species has 
been isolated (and characterised) it can then be used as a starting 
block for reaction with lanthanoids. As hinted at earlier these types 
of reactions are sensitive to solvent and concentration, which can 
lead to the formation of a variety of different products. Therefore 
there is a need for a standard synthetic route, but also there is the 
possibility that many different complexes can be accessed by subtle 
modifications of conditions. 
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Figure 1.5. Stepwise Synthetic Pathway via Copper Ligand Complex 





a: The deprotonated, potassium salt, of the ligand was used. 
1.5 Treatment of Data. 
Once the desired mixed Cu-Ln pyridone complexes have been 
prepared and crystallised, the sample will be analysed by single 
crystal X-ray diffraction in order to determine its structure. Once 
this has been accomplished the magnetic interactions of the system 
will be studied by variable temperature magnetometry (not performed 
in house). In the process of doing these studies several other tech-
niques will be employed to gain insight into the composition, elec-
tronic nature, magnetic nature and stability of the material (by 
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using such techniques as: i.r. UV/Vis./nIR, EPR and NMR spectroscopy; 
elemental analysis, mass spectrometry, cyclic voltammetry, coulom-
metry, magnetic susceptibility, X-ray powder diffraction and X-ray 
oscillation photography). 
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Chanter 21 Svnthesis Characterisation 	Studies f Conner 
Complexes Qf Substituted Pvridones, 
2.1 Introduction 
In order to prepare mixed Cu-Ln complexes, there are several 
synthetic approaches that could be adopted (as discussed in chapter 
1.4). The one chosen was a stepwise synthetic route via copper com-
plexes of ligands based on 2-pyridone, and then using these complexes 
as starting materials in reaction with lanthanoid salts. In this 
chapter, synthesis and characterisation of two such complexes are 
described. 
With 6-chloro-2-pyridone a dimeric copper complex is formed. 
The structure is similar to other d-block dimers formed with this and 
related ligands, although due to steric constraints there is no axial 
coordination as has been previously observed with dimeric copper (II) 
complexes with related ligands. This in turn leads to a Cu(II)-Cu(II) 
distance which is somewhat shorter than any previously reported. In 
solution the complex exhibits a dissociation reaction when reacted 
with some donor solvents. Reaction with methanol under certain condi-
tions forms a tetra-nuclear copper complex, and a polymeric structure 
is afforded on reaction with ethylene glycol and 2-cyano-ethanol. 
Using the 6-methyl-2-pyridone ligand a highly unusual hexanuc-
lear complex was isolated, with the six copper and twelve ligands 
forming a ring structure with an oxo-lined cavity at the ring centre 
at which a sodium ion has been coordinated. The proton and sodium-23 
NMR spectra of this complex are also reported, which show strong 
paramagnetic shifts of the observed resonances. 
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2.2 Structural and Physical Propertiesaf ii2(LCfl fU 
Cu 2 (LC1) 4  (1) was prepared from the reaction of copper nitrate 
with the potassium salt of 6-chloro-2-hydroxypyridifle in a 1:2 mole 
ratio. Deep red crystals of suitable quality for X-ray analysis were 
obtained upon recrystallisation from CH 2 C1 2/ether. X-ray structural 
analysis revealed a dimeric copper complex (figure 2.1), which is 
reminiscent of similar copper compounds 78" 03  and other bimetallic d-
block complexes formed with these ligand systems 74,76,77,80-  
82,88.89.92.93 Bond lengths and angles are listed in table 2.1. 
Figure 2.1 Crystal Structure of Cu 2(LC1)4 (1). 
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Table 2.1: Bond lengths and angles for (1). 
a) Bond lenghts with standard deviations. 
Cu(1) -Cu(2) 2.4989(11) C(23) 	-C(24) 	1.367(12) 
Cu(1) -N(11) 2.000( 	6) C(24) 	-C(25) 1.401(12) 
Cu(1) - 0(2) 1.932( 	5) C(25) 	-C(26) 	1.338(12) 
Cu(1) -N(31) 2.007( 	6) C(26) 	-C1(2) 1.740( 	8) 
 - 0(4) 1.925( 	5) N(31) 	-C(32) 	1.348( 	9) 
 - 0(1) 1.932( 	5) N(31) 	-C(36) 1.379( 	9) 
Cu(2) -N(21) 2.028( 	6) C(32) 	-C(33) 	1.358(10) 
Cu(2) - 0(3) 1.924( 	5) C(32) 	-CI(3) 1.738( 	7) 
Cu(2) -N(41) 2.020( 	6) c(33) 	-C(34) 	1.400(11) 
N(11) -c(12) 1.331( 	9) -C(35) 1.359(11) 
N(11) -C(16) 1.362( 	9) -C(36) 	1.425(10) 
C(12) -C(13) 1.375(10) - 0(3) 1.282( 	9) 
C(12) -c1(1) 1.743( 	7) N(41) 	-C(42) 	1.345( 	9) 
C(13) -c(14) 1.399(10) N(41) -C(46) 1.366( 	9) 
C(14) -C(15) 1.364(10) C(42) 	-C(43) 	1.345(11) 
C(15) -C(16) 1.423(10) C(42) 	-C1(4) 1.742( 	8) 
C(16) - 0(1) 1.289( 	8) C(43) 	-C(44) 	1.412(12) 
N(21) -C(22) 1.360( 	9) C(44) -C(45) 1.368(12) 
N(21) -C(26) 1.351(10) C(45) 	-C(46) 	1.415(11) 
C(22) -C(23) 1.395(10) C(46) 	- 0(4) 1.291( 	9) 
C(22) - 0(2) 1.296( 	9) 
b) Selected angles (°) with standard deviations. 
Cu(2) -Cu(1) -N(11) 	85.13(17) Cu(2) 	-N(21) -C(22) 	124.0( 5) 
Cu(2) -Cu(1) - 0(2) 90.82(14) Cu(2) 	-N(21) 	-C(26) 117.7( 5) 
Cu(2) -Cu(1) -N(31) 	82.34(16) C(22) 	-N(21) 	-C(26) 	118.2( 6) 
Cu(2) -Cu(1) - 0(4) 89.88(14) N(21) -C(22) 	-C(23) 119.8( 6) 
N(11) -Cu(1) - 0(2) 	89.36(22) N(21) 	-C(22) 	- 0(2) 	119.5( 6) 
N(11) -Cu(1) -N(31) 167.47(23) C(23) -C(22) - 0(2) 120.7( 6) 
N(11) -Cu(1) - 0(4) 	88.25(22) N(21) 	-C(26) -C(25) 	124.7( 7) 
0(2) -Cu(1) -N(31) 90.73(21) N(21) 	-C(26) 	-C1(2) 113.9( 6) 
0(2) -Cu(1) - 0(4) 	177.44(20) C(25) 	-C(26) 	-C1(2) 	121.3( 6) 
N(31) -Cu(1) - 0(4) 91.80(21) Cu(1) 	- 0(2) -C(22) 121.8( 4) 
Cu(1) -Cu(2) - 0(1) 	88.73(14) Cu(1) 	-N(31) 	-C(32) 	117.2( 5) 
Cu(1) -Cu(2) -N(21) 83.18(16) Cu(1) 	-N(31) -C(36) 124.3( 5) 
Cu(1) -Cu(2) - 0(3) 	92.00(14) C(32) 	-N(31) 	-C(36) 	118.5( 6) 
Cu(1) -Cu(2) -N(41) 83.99(16) N(31) 	-C(32) 	-C(33) 125.9( 7) 
0(1) -Cu(2) -N(21) 	90.64(21) N(31) 	-C(32) 	-C1(3) 	113.2( 5) 
0(1) -Cu(2) - 0(3) 179.24(20) C(33) 	-C(32) 	-C1(3) 120.9( 6) 
0(1) -Cu(2) -N(41) 	90.01(21) N(31) 	-C(36) 	-C(35) 	118.6( 6) 
N(21) -Cu(2) - 0(3) 89.66(21) N(31) 	-C(36) 	- 0(3) 120.4( 6) 
N(21) -Cu(2) -N(41) 	167.14(23) C(35) 	-C(36) 	- 0(3) 	121.1( 6) 
0(3) -Cu(2) -N(41) 89.86(21) Cu(2) - 0(3) -C(36) 120.0( 4) 
Cu(1) -N(11) -C(12) 	118.9( 	5) Cu(2) 	-N(41) 	-C(42) 	119.6( 5) 
Cu(1) -N(11) -C(16) 121.9( 	5) Cu(2) -N(41) -C(46) 122.3( 5) 
C(12) -N(11) -C(16) 	119.0( 	6) C(42) 	-N(41) -C(46) 	118.1( 6) 
N(11) -C(12) -C(13) 126.1( 	7) N(41) 	-C(42) 	-C(43) 125.6( 7) 
N(11) -C(12) -C1(1) 	114.6( 	5) N(41) 	-C(42) 	-CI(4) 	113.5( 5) 
C(13) -C(12) -c1(1) 119.3( 	6) C(43) 	-C(42) 	-CI(4) 120.9( 6) 
N(11) -C(16) -C(15) 	118.9( 	6) N(41) 	-C(46) 	-C(45) 	118.9( 7) 
N(11) -C(16) - 0(1) 120.2( 	6) N(41) -C(46) - 0(4) 120.2( 6) 
C(15) -C(16) - 0(1) 	120.9( 	6) C(45) -C(46) - 0(4) 	120.8( 7) 
Cu(2) - 0(1) -C(16) 123.2( 	4) Cu(1) 	- 0(4) 	-C(46) 122.3( 5) 
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The presence of the chlorine atom at the 6-position prevents 
any coordination at the axial sites of the copper atoms. This con-
trasts with the dimeric copper complexes, with the unsubstituted 78 
and the 3-and 4- alkyl substituted' 03  pyridone ligands where axial 
ligation is observed (in both cases from solvent molecules). This is 
also the case with dimeric copper carboxylates' °4 . The lack of axial 
coordination presumably accounts for the short Cu(II)-Cu(II) bond of 
2.4989(11) A which is shorter than other Cu(II)-Cu(II) distances 
previously reported, e.g. 2.550(1) A for the copper dimer with the 3-
ethyl ligand 103 , and typically between 2.6-2.7 A for copper càrbox-
ylates 104•  There may be weak Cu-Cl interactions in the axial direc-
tion, with the atomic distances being between 2.957 and 3.042 A (av. 
esd 0.002 A). 
The copper environments can be described as distorted square 
planar, with two oxygen and two nitrogen donors from four pyridone 
rings in a trans configuration around each metal. Each of the four 
ligands is bidentate, bridging the two metals via the ring nitrogen 
and the exo-cyclic oxygen. The planes defined by each pyridone ring 
are, to first approximation, orthogonal (Inter ring (R) angles; R1-R2 
94.2°,R1 -R3 11 .6°,R1-R4 90.6°, R2-R3 98.3°,R2-R4 11.6',R3-R4 96.7°). 
The distortion at the copper centres is evident in the N donors 
being pulled from the plane of coordination, this being defined as 
the plane at the copper normal to the Cu-Cu axis. The Cu-Cu-N angles 
vary from 82.33 to 85.13° , where as the Cu-Cu-0 angles are from 
88.73 to 92.00° (av. esd = 0.15°). The N-Cu-N angles are thus reduced 
to 167.46(24) and 167.23(23)°, in comparison to the U-Cu-U angles of 
177.47(20) and 179.23(20)°. Also noticeable is a slight compression 
of Cu-0 contacts in comparison to related species (cf av. Cu-0 
1.928(9)A versus 1.963(13)A for the 3-ethyl-pyridone complex with 
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copper 103)• These distortions may result from steric constraints 
imposed by the chlorine atoms, in particular a Cl-Cl repulsion (CI-Cl 
distances 3.685(3) and 3.790(3)A). This may cause the ligand to tilt 
back, in the plane of the ring, forcing the 0 donors nearer the metal 
and the N donors out of the coordination plane. Another explanation 
for these distortions may come from considering the chlorines as 
weakly coordinated to the metal centre. If we also take into account 
the metal-metal contact, the coordination sphere can be expanded from 
four to seven, i.e. to a pentagonal bipyramid. The pentagonal plane 
is described by the two chlorines, two nitrogens and the metal metal 
bond, with the average deviation from this plane being 0.071 A for 
Cu(1) and 0.094 A Cu(2). The N-Cu-N angle (of 167°) can now be ex-
plained as a distortion from square planar (180° trans angle) towards 
pentagonal planar (ideal 144°). 
The packing diagram figure 2.2, shows that the main intermolec-
ular interaction appears to be Cl-Cl interactions linking molecules 
head to tail forming a chain like motif (the shortest intermolecular 
contacts being 3.336(3) and 3.470(3)A are marked by hatched lines in 
figure 2.2). These chains pack in a hexagonal array, where the inter 
chain interactions are between the pyridone rings (the shortest inter 
ring distance being 4.582 A). 
The physical experiments on (1) also proved interesting. Elec-
trochemical experiments show two irreversible electrochemical reduc-
tions at -0.21 and -0.88 V, indicating that the two coppers are 
interacting. The first reduction corresponds to 1.3 electrons by 
coulometry. No noticeable effect was observed on varying temperature. 
The effect of addition of methanol to the dichloromethane solution 
and the resulting change in electrochemical behaviour is discussed 
later. 
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Figure 2.2 Molecular Packing of Cu2(LC1)4 (1). 
C 
The EPR spectra is essentially featureless at 77K (frozen glass 
in CH2 C1 2) and as a solid at 293K. This in conjunction with a magne-
tic moment of 1.58 BM per formula unit (293K), indicates that we have 
strong anti-ferromagnetic coupling between the two coppers. 
The UV-vis. -nIR absorbance spectrum was recorded in CH 2 C12. The 
resulting spectra exhibits four bands. Band I at 235 nm ( 42550 cm', 
E=8500) and band II at 284 nm (35210 cm',=7700) can both be attri-
buted to inter ligand transitions [the protonated ligand exhibits 
bands at 230 nm (E=3 150) and 276 nm (E=1520)]. The assignment of the 
two lower energy bands is more complex (band III at 400 nm =500, and 
band IV at 515 nm E=350).  Literature interpretation of the electronic 
spectra of copper carboxylates 104 , which have a similar spectra and 
dimeric structure, is not clear. The first of these bands is attribu-
ted to a metal ligand interaction, the second is subject to a more 
43 
open interpretation. This second band has been attributed to a copper 
copper interaction via, either a 6 interaction' 05 (d m2  overlap) or a 
S interaction 106,107 (d 22  overlap) or by a combination of both 
108 
(d22-d2 interaction). As the electrochemistry of the protonated 
ligand exhibits a low lying reduction at -1.46 V, it would seem 
plausible to assign one of the bands to a metal to ligand charge 
transfer (band III), band IV could then be assigned to this metal 
metal interaction. Assuming a sigma type interaction we could con-
struct the following crude energy level diagram. 
* 
It 
Cu IV 	III 	LC1 
a 
II 	it 
Support of this model is that upon dissociation [caused by 
addition of methanol to a dichioromethane solution of (1)], the band 
attributed to the copper copper interaction disappears. The evidence 
for this dissociation is that on addition of methanol to the dichlor-
omethane solution of (1), .a typical Cu(II) d 9 signal is observed for 
the frozen glass EPR, and also only one reduction is observed instead 
of two for the cyclic voltammagram. This is discussed further in the 
next section. Addition of methanol does not greatly effect the "o" to 
* transition (band III). 
Infra-red spectroscopy of this compound shows a reduction in 
energy for the v(C=O) band of the bridging pyridone ligand compared 
to the free ligand, [(1) v(C=O) 1607.1 cm' whereas the protonated 
ligand v(C=O) 1649.2 cm -1 ]. No signal was observed for (1) by proton 
rI a- 
NMR, and no molecular ion was observed by FABMS. 
2.3 Reaction fii,kCl)4 fl with Donor Solvents. 
Cu 2 (LC1) 4  (1) dissolves in methylene chloride giving a deep red 
solution. Addition of methanol causes an immediate colour change to 
green. The EPR spectrum of a frozen glass (77K, MeOH/CH 2 C1 2) of this 
mixed solvent system, although poorly resolved (figure 2.3), shows a 
'typical' Cu d 9 spectra with g=2.073. g=2.388 and a(Cu)=  126 G. 
The poor quality of the spectra may indicate that there are several 
similar but different copper environments present, i.e. a range of 
closely related but independent Cu species. 
Figure 2.3 EPR of (1) in CH 2Cl2 and MeOH. 
S 
I 
Electrochemical analysis of this reaction shows that on addi-
tion of methanol to (1) in CH 2C1 2 , the two reductions previously 
observed (at -0.21 and -0.88 V) are replaced by a single reduction 













dimer dissociates on addition of methanol. This dissociation reaction 
of (1) has been monitored by UV/vis. spectroscopy (figure 2.4) with 
successive spectra being recorded after each drop of methanol was 
added to a stock solution of (1) in CH 2 C12 , until the reaction was 
complete (further addition of MeOH caused no change in the spectra). 
Figure 2.4 UVIVis. of (1) in CH2C12 with Successive Drops of MeOH. 
wavelength / nm 
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This process causes band IV (the band assigned to the Cu-Cu 
interaction) to collapse, as we might expect, upon dissociation, while band III (as-
signed to a metal to ligand charge transfer band) undergoes a slight shift to higher 
energy (20 nm, -1350 cm -1 ) and at least trebles in intensity. It is also observed that a 
new band appears at low energy band V = 720 nm (13900 cm -1 F-70), which is consis-
tent with a copper(H) d 9 d-d transition. 
Addition of a range of other solvents, such as ethanol, n-
pentanol and DMF, to the solution of (1) in CH 2 C1 2 , also results in 
the formation of green solutions. The UV/vis. spectra (summarised in 
table 2.2) of these solutions suggest a similar dissociation process 
is also occurring to that which has been observed with methanol. 
Table 2.2: UV-Vis. data for Cu 2(LC1) 4 in CH202 with other solvents. 
wavelength / nm (f) 
solution  	VI 	V 	IV 	in 	11 
CH2Cl2 515 400 
(590) (830) 
acetonitrile 511 396 
(550) (820) 
ether 535 inf. 393 
(500) (1400) 
DMF 727 373 inf. 321 
(100) (-1600) (-5000) 




n-pentanol 549 381 
(200) (2500) 
pyridine 692 392 330 inf. 
(1 drop) (260) (670) (-4000) 
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notes for Table 2.2: 
a: Solvent system is a 2:1 mixture of CH 2 C1 2 and the solvent named in 
all cases apart from pyridine [one drop pyridine to a 2 ml CH 2 C1 2 
stock solution of 
inf. = inflection point. 
The characteristic spectrum which indicates dimer dissociation 
is observed for ethanol, n-pentanol, DMF and even diethyl ether 
(although the presence of the shoulders observed at around 540 nm for 
ether and pentanol suggests that the dissociation may not be com-
plete). Only addition of acetonitrile seems to have no effect on the 
spectrum (thus no dissociation). Addition of ethanol results in a 
similar spectrum to that obtained with methanol, the only difference 
being the weak band at 720 nm is no longer observed. The addition of 
DMF also seems to facilitate a dissociation process. The differences 
in the spectrum, in comparison to the methanol trace, may be attribu-
ted to the differing nature of the copper species formed. The addi-
tion of one drop of pyridine to the stock dichloromethane solution of 
(1) immediately causes the solution to turn green. The spectrum of 
this solution has no band around 400 nm suggesting a 'dissociation' 
process. This vastly different spectrum (in comparison to the MeOH 
spectrum) may again be attributed to the different nature of copper 
species formed, and suggests involvement of the solvent in the copper 
coordination sphere. However the exact nature of the dissociation is 
unclear. The evidence from the mixed CH 2C12/MeOH EPR spectrum suggest 
several different but similar copper environments. Electrochemical 
analysis does not clarify the dissociation mechanism further. 
2.3.1 Structure of 4(LCl)4 U3Q).4fl 
In order to gain insight into the nature of the dissociation 
process, discussed above, numerous attempts at recrystallising (1) 
from methanol/dichioromethane mixtures were tried. The reaction of a 
highly dilute solution of (1) in dichloromethane (0.02 mmol in 5 ml) 
with an equal volume of methanol resulted in the formation of lilac 
crystals of a suitable quality for X-ray diffraction. Structural 
analysis revealed a highly unusual tetra-nuclear copper complex 
(figure 2.5). Tables of bond lengths and angles are given in table 
2.3. 
Figure 2.5 Crystal Structure of Cu2(LC1)4(MeO)4 (2). 
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Table 2.3: Bond lengths and angles for (2). 
a) Bond Lengths(A) with standard deviations. 
Cu(1) -Cu(2) 2.9664( 7) N(1R) -C(11R) 1.360( 5) 
Cu(l) --Cu(2A) 2.8109( 7) N(1R) -C(51R) 1.342( 5) 
Cu(1) -0(1M) 1.918( 3) C(11R)-C(21R) 1.425( 6) 
Cu(1) -0(2M) 1.896( 3) C(21R)-C(31R) 1.352( 6) 
Cu(1) -o(1R) 1.917( 3) C(31R)-C(41R) 1.394( 6) 
 -N(2R) 1.989( 3) C(41R)-C(51R) 1.367( 6) 
 -Cu(1A) 2.8109( 7) C(51R)-CI(1R) 1.736( 4) 
Cu(2) -O(1M) 1.924( 3) N(2R) -C(12R) 1.360( 5) 
Cu(2) -0(2M) 1.901( 3) N(2R) -C(52R) 1.344( 5) 
Cu(2) -N(1R) 1.997( 3) C(12R)-C(22R) 1.433( 6) 
Cu(2) -0(2R) 1.927( 3) C(22R)-C(32R) 1.360( 6) 
Cu(1A)-Cu(2A) 2.9664( 7) C(32R)-C(42R) 1.390( 6) 
O(1M) -C(1M) 1.408( 6) C(42R)-C(52R) 1.366( 6) 
0(2M) -C(2M) 1.419( 6) C(52R)-C1(2R) 1.740( 4) 
b) Angles(*) with standard deviations. 
Cu(2) -Cu(1) -Cu(2A) 88.885(18) N(1R) -Cu(2) -0(2R) 93.04(12 
Cu(2) -Cu(1) -O(1M) 39.52( 	8) Cu(2) -Cu(1A)-Cu(2A) 88.8850 
Cu(2) -Cu(1) -0(2M) 38.68( 	8) Cu(1) -Cu(2A)-Cu(1A) 91.115(1 
Cu(2) -Cu(1) -O(1R) 130.84( 	9) Cu(1) -O(1M) -Cu(2) 101.10(13 
Cu(2) -Cu(1) -N(2R) 135.25( 	9) -O(1M) -C(1M) 128.9( 3) 
Cu(2A)-Cu(1) -O(1M) 96.60( 	9) -O(1M) -C(1M) 130.0( 3) 
Cu(2A)-Cu(1) -0(2M) 96.47( 	9) Cu(1) -0(2M) -Cu(2) 102.75(13 
Cu(2A)-Cu(1) -O(1R) 82.53( 	8) -0(2M) -C(2M) 128.4( 3) 
Cu(2A)-Cu(1) -N(2R) 83.07( 	9) -0(2M) -C(2M) 127.9( 3) 
O(1M) -Cu(1) -0(2M) 76.24(12) Cu(2) -N(1R) -C(11R) 124.1( 3) 
O(1M) -Cu(1) -O(1R) 170.34(12) Cu(2) -N(1R) -C(51R) 116.8( 3) 
O(1M) -Cu(1) -N(2R) 97.75(13) C(11R)-N(1R) -C(51R) 119.0( 3) 
0(2M) -Cu(1) -O(1R) 94.26(12) N(1R) -C(11R)-C(21R) 118.5(  
0(2M) -Cu(1) -N(2R) 173.91(13) C(11R)-C(21R)-C(31R) 120.6(  
O(1R) -Cu(1) -N(2R) 91.70(12) C(21R)-C(31R)-C(41R) 120.5( 4) 
Cu(1) -Cu(2) -Cu(1A) 91.115(18) C(31R)-C(41R)-C(51R) 116.6( 4) 
Cu(1) -Cu(2) -O(1M) 39.38( 	8) N(1R) -C(51R)-C(41R) 124.9( 4) 
Cu(1) -Cu(2) -0(2M) 38..57( 	8) N(1R) -C(51R) -C1(1R) 114.9( 3) 
Cu(1) -Cu(2) -N(1R) 135.24( 	9) C(41R)-C(51R)-C1(1R) 120.2( 3) 
Cu(1) -Cu(2) -0(2R) 129.85( 	9) Cu(1) -N(2R) -C(12R) 123.4( 3) 
Cu(1A)-Cu(2) -o(1M) 98.32( 	9) Cu(1) -N(2R) -C(52R) 117.8( 3) 
Cu(1A)-Cu(2) -0(2M) 98.21( 	9) C(12R)-N(2R) -C(52R) 118.8( 3) 
Cu(1A)-Cu(2) -N(1R) 82.30( 	9) N(2R) -C(12R)-C(22R) 118.9(  
Cu(1A)-Cu(2) -0(2R) 81.50( 	8) C(12R)-C(22R)-C(32R) 119.5(  
O(1M) -Cu(2) -0(2M) 76.00(12) C(22R)-C(32R)-C(42R) 121.4( 4) 
O(1M) -Cu(2) -N(1R) 97.68(12) C(32R)-C(42R)-C(52R) 116.1( 4) 
O(1M) -Cu(2) -0(2R) 169.16(12) N(2R) -C(52R)-C(42R) 125.3( 4) 
0(2M) -Cu(2) -N(1R) 173.67(13) N(2R) -C(52R)-CI(2R) 114.7( 3) 
0(2M) -Cu(2) -0(2R) 93.27(12) C(42R)-C(52R)-Cl(2R) 120.0( 3) 
Atoms with the postscript A' are related to their equivalents by the 
symmetry operation (1-x, -y, -z). 
The structure is comprised of two half Cu2 (LCI) 2 units, each 
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half being (1) "stripped" of two pyridone ligands. These two frag-
ments are bound to each other across a non-crystallographic mirror 
plane via four methoxide bridges (two on each copper), in so doing 
forming a tetra-nuclear copper core. At the centre of this approx-
imate copper square there is a crystallographic inversion centre 
relating the coppers diagonally opposite to each other. The copper-
copper distances around this parallelogram are: Cu(1)-Cu(2a), 
2.8109(7) and Cu(1)-Cu(2), 2.9664(7)A with an angle of 88.88(2)° for 
Cu(2)-Cu(1)-Cu(2a). Both the unique coppers occupy a similar distor-
ted square planar environment, their coordination sphere contain two 
.t 2-oxygen donors (from the methoxide bridges) and a nitrogen and an 
oxygen donor from two pyridone rings. Cu(1) is bridged to Cu(2) via 
two methoxide bridges, the Cu-0 (CH 3 O) distances varying from 1.896 
to 1.924A (av. esd 0.003A). The angle at the copper between these two 
ligands accounts for the greatest distortion from square planar 
being, 76.24(12) for Cu(1) and 76.00(12)° for Cu(2). The Cu-0-Cu 
angle at the t 2-oxygen are 101.10(13) and 102.75(13)° for O(lm) and 
0(2m) respectively. Cu(l) is bridged to Cu(2)a by the two bidentate 
pyridone rings in a similar manner to (1), the Cu-0 contacts are 
again shorter than might be expected, at 1.917(3) and 1.927(3) A, as 
has been observed with (1) (av. Cu-0 distance 1.928A) 
Again a Cu-Cl interaction would seem likely with an inter-
atomic distance of 2.984(1) and 3.003(1)A for Cu(2) and Cu(l) re-
spectively. Assuming such an interaction there would also be the 
allied effect of the copper being slightly pulled from the coordina-
tion plane (of the three oxygen and the nitrogen donors) towards the 
chlorine atom, i.e. a distortion from square planar to a square based 
pyramid. This feature however is not observed, the coordination plane 
plus copper is almost perfectly planar, with the average deviation 
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from plane being 0.0089 and 0.0100A for Cu(l) and Cu(2) respectively. 
These two planes bisect at the methoxide bridges at an angle of 
20.40 . 
The packing diagram of (2)(figure 2.6) shows that, as with (1), 
the principle intermolecular interaction are between chlorine atoms 
at 3.823(2)A (marked in hatched lines in figure 2.6b), forming a 
snake like motif down the x-axis. There is also short graphitic like 
inter ring interaction of 3.685A (figure 2.6a marked in hatched 
lines), the other interring contacts are greater than 4.5 A. 
Figure 2.6 Molecular Packing of Cu 2(LC1)4(MeO)4 (2). 
a: 
View down a axis 
	
View down b axis 
The structure of (2) is not maintained in solution (as the 
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structure is not consistant with the electrochemical and EPR data observed for the 
species formed from (1) in a CH 2C12/MeOH mixed solvent system). For example in 
CH2C12  (1) is reformed, and in MeOH the characteristic 'dissociated' products are 
observed (as seen in section 2.3), hence only solid state physical measurements 
were performed. The mass spectrum of (2) is given in appendix 2. 1, and despite the 
low intensities of the peaks observed (the highest intensities being due to the 
matrix), several breakdown fragments of (2) are observed (i.e. Cu 2(LC1)2(MeO)2 , 
Cu2(LC1) 2(MeO)O, Cu2(LC1) 2031  Cu2(LC1)2). The quantity required for magnetic 
susceptibility and solid state EPR measurements precluded these experiments. 
Although the structure of (2) is interesting and possibly 
mechanistically important, it does not clarify the nature of the 
dissociated copper species observed in CH 2C12/MeOH mixtures due to 
its instability in solution. However it is worth noting that the 
structural motif of the Cu-OMe-Cu-OMe ring is observed in many subse-
quent structures. 
In additional attempts to obtain the monomeric copper complexes 
(formed by reaction of (1) with 'donor' solvents), several further 
reactions of (1) were carried out using a range of reagents, but with 
little success. Reaction with triethylamine gave a green brown solu-
tion which on removal of solvent gave starting material. Reaction 
with pyridine yields a green solution from which a gray/brown solid 
was isolated, however recrystallisation again gave (1). Reaction with 
a stoichiometric amount of oxalic acid gave copper oxalate and unre-
acted copper dimer. 
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2.4 Structure and Physical Properties -f J.il 3 (LCfl 4 (ROH 21 11 and 
Other Copper Polymers. 
The reaction of (1) with an of excess ethylene glycol, again 
gave a green solution from which, after an initial precipitation of 
compound(1), a small quantity of green crystals formed. These were 
suitable for x-ray diffraction and subsequent structural analysis 
revealed a one-dimensional polymeric structure (figure 2.7). Tables 
of bond lengths and angles are given in table 2.4. 
Figure 2.7 Crystal Structure of [Cu 3(LCJ)4(C4H502)2] (3). 
Table 	Bond lengths-and angles LQI IL 
a) Bond Lengths(A) with standard deviations. 
Cu(1) -Cu(1B) 3.0202(12) C(21R)-C(31R) 1.371(11) 
Cu(1) -N(1R) 1.986( 5) C(31R)-C(41R) 1.394(11) 
Cu(1) -0(2R) 1.913( 5) C(41R)-C(51R) 1.352(11). 
Cu(1) -O(1D) 1.927( 5) C(51R)-CI(1R) 1.733( 	8) 
 -0(1DB) 1.924( 5) 0(2R) -C(12R) 1.300( 	8) 
Cu(1B)-0(1D) 1.924( 5) N(2R) -C(12R) 1.353( 	9) 
Cu(1B)-0(1DA) 1.927( 5) N(2R) -C(52R) 1.328( 	9) 
 -0(1R) 1.944( 5) C(12R)-C(22R) 1.402(10) 
Cu(2) -0(1RA) 1.944( 5) C(22R)-C(32R) 1.359(12) 
Cu(2) -N(2R) 1.992( 5) C(32R)-C(42R) 1.394(12) 
Cu(2) -N(2RA) 1.992( 5) . 	 C(42R)-C(52R) 1.355(11) 
0(1R) -C(11R) 1.306(  C(52R)-C1(2R) 1.737( 	8). 
N(1R) -C(11R) 1.362(  o(1D) -c(1D) 1.395(10) 
N(1R) -C(51R) 1.355( 9) C(1D) -C(2D) 1.449(16) 
c(11R)-C(21R) 1.396(10) C(2D) -0(2D) 1.275(18) 
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b) Angles(*) with standard deviations. 
Cu(1B)-Cu(1) -N(1R) 135.33(16) C(11R)-C(21R)-C(31R) 119.6( 7) 
Cu(1B)-Cu(1) -0(2R) 130.16(15) C(21R)-C(31R)-C(41R) 120.0( 7) 
Cu(1B)-Cu(1) -O(1D) 38.30(15) C(31R)-C(41R)-C(51R) 117.3( 7) 
Cu(1B)-Cu(1) -O(1DA) 38.37(15) N(1R) -C(51R)-C(41R) 124.7( 7) 
N(1R) -Cu(1) -0(2R) 94.49(21) N(1R) -C(51R)-CI(1R) 114.4( 5) 
N(1R) -Cu(1) -O(1D) 97.56(22) C(41R)-C(51R)-Cl(1R) 120.9( 6) 
N(1R) -Cu(1) -O(1DA) 170.02(22) Cu(1) -0(2R) -C(12R) 126.3( 4) 
0(2R) -Cu(1) -O(1D) 166.61(21) Cu(2) -N(2R) -C(12R) 115.6( 4) 
0(2R) -Cu(1) -O(1DA) 92.19(21) Cu(2) -N(2R) -C(52R) 124.9( 5) 
0(1D) -Cu(1) -O(1DA) 76.68(21) C(12R)-N(2R) -C(52R) 119.0( 6) 
Cu(1) -Cu(1B)-O(1D) 38.37(15) 0(2R) -C(12R)-N(2R) 117.3( 6) 
Cu(1) -Cu(1B)-0(1DA) 38.30(15) 0(2R) -C(12R)-C(22R) 123.3( 6) 
O(1D) -Cu(1B)-O(1DA) 76.68(21) N(2R) -C(12R)-C(22R) 119.4( 6) 
O(1R) -Cu(2) -0(1RA) 180.00(20) C(12R)-C(22R)-C(32R) 119.9( 7) 
O(1R) -Cu(2) -N(2R) 92.80(21) C(22R)-C(32R)-C(42R) 120.0( 8) 
O(1R) -Cu(2) -N(2RA) 87.20(21) C(32R)-C(42R)-C(52R) 116.9( 7) 
O(1RA)-Cu(2) -N(2R) 87.20(21) N(2R) -C(52R)-C(42R) 124.7( 7) 
O(1RA)-Cu(2) -N(2RA) 92.80(21) N(2R) -C(52R)-C1(2R) 115.2(  
N(2R) -Cu(2) -N(2RA) 180.00(22) C(42R)-C(52R)-Cl(2R) 120.1(  
Cu(2) -O(1R) -C(11R) 125.8( 	4) Cu(1) -0(1D) -Cu(1B) 103.32(23) 
Cu(1) -N(1R) -C(11R) 118.7( 	4) Cu(1) -0(1D) -C(1D) 130.2( 5) 
Cu(1) -N(1R) -C(51R) 123.6( 	5) Cu(1B)-O(1D) -C(1D) 126.2( 5) 
C(11R)-N(1R) -C(51R) 117.6( 	6) Cu(1) -0(1DA)-Cu(1B) 103.32(23) 
O(1R) -C(11R)-N(1R) 116.1( 	6) 0(1D) -c(1D) -C(2D) 113.1( 8) 
O(1R) -c(11R)-C(21R) 123.3( 	6) C(1D) -C(2D) -0(2D) 116.3(11) 
N(1R) -C(11R)-C(21R) 120.5( 	6) 
Atoms with the postscript 'A' are related to their equivalents by the 
symmetry operation (1-x, -y -z), and atoms with the postscript 'B' 
are related to their equivalents by the operation (-x, -y  -z). 
The stoichiometry of the polymer is [Cu 3 (LC1) 4 (C 4 H 5 02 ) 2]. 
Cu(2), which is on a crystallographic inversion centre, has retained 
a similar coordination environment to the copper atoms in (1), i.e. a 
distorted square plane with a trans arrangement of oxygen and nitro-
gen donors from four pyridone rings. As Cu(2) lies on an inversion 
centre its coordination plane is perfectly planar, and indeed, here 
it is very close to an idealized square planar environment (with the 
0-Cu-N angle being 92.81(21)°). The Cu-0 distance of 1.944(4)A is 
slightly shorter than has been observed with the copper complexes 
with the unsubstituted, and the 3 or 4 alkyl substituted pyridone 
ligands78" °3 (av. Cu-0 1.963(13)A), but slightly longer than the Cu-
0 distances in (1) and (2) (at 1.928(8) and 1.922(8) A respectively). 
Cu(1) is bound in a similar manner to the coppers of (2) i.e. a 
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distorted square planar environment with two p. 2-oxygen donors (this 
time from 2-hydroxy-ethoxide sub-unit), and a nitrogen and an oxygen 
donor from two pyridone ligands. Cu(1) is in a much more distorted 
environment than Cu(2) and unlike the Cu atoms in (2) (and Cu(2)) the 
coordination plane of this atom is not planar. The angle between the 
plane defined by Cu(1) and the bridging alkoxy oxygens, and the plane 
defined by Cu(1), N(pyridone) and O(pyridone) is 10.8. The Cu-
O(pyridone) distance of 1.913(5)A is again shorter than might be 
expected. The Cu-O(alkoxy) distances are 1.927(5) and 1.924(5)A. 
Somewhat surprisingly there is no long range interaction between 
and the pendent protonated oxygen of the glycol. Cu(1) is 
bridged across the second inversion centre to Cu(1)a via two alkoxide 
bridges (OCH 2CH2OH units) forming a Cu-0-Cu-0 ring, with bridging 
angles at the 9 2 -oxygens of 103.3(3). This ring motif is reminiscient 
of (2), except that in this case the Cu 202 ring is now planar, in-
stead of being bowed. The Cu Cu distance across this ring (3.020(2)A) 
is of a similar order to other metal metal distances of the Cu 2 0 2 
ring observed in other copper complexes, e. g. 2.96A for 
HgCu(C5H8NO)2(MeO) (NO3) '°, 2.98A for Cu 2[0-Ph2PC6H4C(0)CHC(0)C(CH 3)] 
(Me O) 2 11° 	and 	a 	Cu-Cu 	distance 	of 	3.04A 	for 
Cu 2 C1 2 (pyridine) 2 (Me O) 2 111 . Cu(2) is bridged to Cu(1) via two adja-
cent bidentate pyridone linkages, and across its internal inversion 
centre via two further rings to Cu(lb), the interatomic distance from 
to Cu(l) (and Cu(lb)) across the two pyridone linkages is 
3.695(2)A. 
This one-dimensional polymer lies along the x-axis, and the 
strands are hexagonally packed in the yz plane. The shortest inter-
strand interaction is a chlorine chlorine contact at 3.67A. There 
appears to be no short inter strand ring interaction, with the cbs- 
est contact being an inter ring separation of 5.04 A. 
A similar reaction to the above was also carried out using 2-
cyano-ethanol, which on evaporation to the alcohol precipitates an 
insoluble light green powder. This powder exhibits an almost identi-
cal JR spectrum to (3), with an additional absorbance due to a cyano 
stretch at, v(CEN)=2246 cm'. Elemental analysis also suggests that 
this product has an analogous stoichiometry to (3). 
The mass spectroscopy of both these polymeric complexes were 
poor, however, in the case of (3), ions were observed for certain 
break down products of the polymeric chain (see appendix 2.2). 
[Listed here are some of the fragments observed; 5n-(LC1)-2(OH), 
4n+Cu 2 (LC1) 2 , 4n-(OH), 2n+Cu 2 (LC1) 2 and Cu 3 (LC1) 2 , where n = 
Cu3 (LC1)4(C4H502)2 i.e. the stoichiometric unit of (3).] 
2.4.1 The Structure af [BrCu(MeCN)] 
In a similar reaction to (3), the reaction of an excess of 2-
bromo-ethanol with a dichloromethane solution of (1) resulted in a 
deep violet solution. Evaporation of the solvents left a brown tar 
which was recrystallised using acetonitrile and ether yielding yellow 
crystals of a suitable quality for X-ray analysis. The resulting 
structure was a polymeric copper(I) bromide 'stair' (figure 2.8) with 
a coordinated acetonitrile, with a stoichiometry of CuBr(MeCN). 
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Figure 2.8 
Crystal Structure of [BrCu(NCCH3)] (4). 
The structure had previously been determined at room tempera-
ture" 2 (this study was carried out at 150(1) K) and was fairly poor, 
with a final reliability index (R) of 0.096 (c.f. R = 0.0342 for (4) 
at 150 K). The assignment of space group is different for the two 
determinations, with (4) at room temperature being assigned to the 
orthorhombic space group P2,nb, whereas (4) at 150 K is ascribed to 
the monoclinic space group P2,/c. This discrepancy may account for 
the somewhat poor solution achieved at room temperature. The respec-
tive unit cell dimensions for the two determinations are given in the 
table below. 
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Table 2.5: Unit 	 dimensions for the two determinations of 
Determination. 
dimension at 150 K at 293 K 
a(A) 4.0126(17) 4.045(5) 
b(A) 8.663(3) 8.67(1) 
c(A) 12.880(7) 13.14(2) 
130 90.10(4) - 
V(A3) 447.7(3) 461(2) 
These values are comparable taking into account the tempera-
tures at which the determinations were done. Tables of bond lengths 
and angles (including some which were symmetry generated) for the two 
determinations are given in table 2.6. 
Table 2.6: Bond lengths and angles L 14L 
Bond Lengths(A) with standard deviations 
bond (4) at 150 K (4) at 293 K 
Br(1) -Cu(1) 2.5104(15) 2.50 
Br(1) -Cu(la) 2.5035(15) 2.46 
Br(lb)-Cu(1) 2.5091(15) 2.59 
Cu(1)-Cu(la) 3.0600(17) 3.05 
Cu(1)- N(1) 1.952( 9) 2.00 
N(1)-C(1) 1.124(13) 1.15 
C(1)-C(2) 1.490(14) 1.46 
Angles(*) with standard deviations 
angle 	 (4) at 150 K 	(4) at 293 K 
Br(1) -Cu(1) -Br(la) 104.78( 5) 107.1 
Br(1) -Cu(1) -Br(lb) 104.65( 5) 103.3 
Br(la)-Cu(1) -Br(lb) 106.36( 5) 106.3 
Br(la)-Cu(1) - N(1) 111.9(3) 113.2 
Br(1) -Cu(1) - N(1) 116.4( 3) 116.2 
Br(lb)-Cu(1)- N(1) 112.0(3) 110.0 
Cu(1) - N(1) - C(1) 174.3( 8) 173.4 
N(1) - C(1) - C(2) 176.4(10) 179 
note: Atoms with a postscript 'a' are related to their equivalents 
by the symmetry operation (1-x,1-y,1-z), and Br(2b) is related to 
Br(1) by the operation (2-x,1-y,1-z). 
Comparing the bonds and angles for the two determinations, most 
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of the data is reasonably well matched, however the esds for the room 
temperature structure was not given so it is hard to judge the sig-
nificance of any differences between the two structures. The major 
differences between the two determinations of (4) lie in the Cu-
Br(lb) and Cu-N distances, which are both noticeably shorter in the 
low temperature structure at 2.5091(15) A for Cu(1)-Br(lb) (c.f. 
2.59A at room temperature) and 1.952(9) A for Cu(1)-N(1) (c.f. 2.00 
for the room temperature structure). 
Such 'stair' or 'ribbon' structures for copper(I) halides are 
well known 113 , for example the chloro analogue of (4) 
[CuCl(MeCN)]" 4  exists as a polymeric 'stair'. However it is unclear 
how the reaction of (1) with 2-bromo-ethanol results in the formation 
of this polymeric material. 
The reaction causes loss of the pyridone ligand system of (1) 
and chemically reduces the metal centre from Cu(II) to Cu(I), while 
the alcohol must fragment to liberate bromide. This reaction of 
XCH 2 CH 2OH with (1) where X = Br contrasts considerably with this 
reaction where X = OH (or CN), where the polymeric structure (3) is 
formed. This difference must be entirely due to the more reactive 
nature of the 2-bromo-ethanol. 
2.5 The Structure and Physical Properties of 1Cu 6(LMe 12Na1(N031 
Reaction of the potassium salt of the 6-methyl-2-pyridone with 
copper nitrate, followed by extraction with dichioromethane, gave a 
deep green solution. Slow diffusion of ether yielded after several 
days dark green crystalline cubes, which were of suitable quality for 
L 
X-ray analysis. The resulting structure contains a highly unusual 
hexanuclear copper cation (figure 2.9) with a nitrate as the counter 
ion. Tables of bond lengths and angles are given in table 2.7. 
rts 
Table 2.7: Bond lengths and angles for (5 
a) Bond lengths (A) with standard deviations. 
Cu(1) -N(11) 2.031(16) C(23) -C(24) 
1.41( 4) 
Cu(1) -U(21) 2.000(16) C(24) -C(25) 
1.41( 3) 
Cu(1) -0(31) 1.970(13) C(25) -C(26) 
1.45( 3) 
Cu(L) -0(41) 1.964(13) N(32) -C(31) 
1.30( 3) 
Cu(2) -0(12) 1.969(14) N(32) -C(35) 
1.32( 3) 
Cu(2) -0(22) 1.952(14) 0(31) -C(31) 1.36( 
3) 
Cu(2) -t1(32) 2.007(15) C(31) -C(32) 1.44( 
3) 
Cu(2) -N(42) 2.013(16) C(32) -C(33) 1.33( 
4) 
N(11) -C(fl) 1.35( 3) C(33) -C(34) 1.37( 
4) 
N(11) -C(15) 1.35( 3) C(34) -C(35) 1.45( 
4) 
C(11) -C(12) 1.38( 3) C(35) -C(36) 1.48( 3) 
C(12) -C(13) 1.37( 4) 0(41) -C(41) 
1.367(25) 
C(13) -C(]A) 1.43( 4) C(41) -C(42) 1.33( 
3) 
C(14) -C(15) 1.30( 4) C(42) -C(43) 1.37( 
4) 
C(15) -C(16) 1.47( 4) C(43) -C(44) 1.40( 
4) 
N(21) -C(21) 1.32( 3) C(44) -C(45) 1.40( 4) 
N(21) -C(25) 1.39( 3) C(45) -C(46) 1.54( 4) 
0(22) -C(21) 1.34( 3) N(100)-0(100) 1.24( 7) 
C(21) -C(22) 1.40( 3) N(100)-0(101) 1.22( 7) 
C(22) -C(23) 1.37( 3) N(100)-0(102) 1.22( 7) 
b) Angles (°) with standard deviations. 
N(11) -Cu(1) -N(21) 95.8( 	6) C(21) -C(22) -C(23) 115.3(21) 
N(11) -Cu(1) -0(31) 164.2( 	6) C(22) -C(23) -C(24) 122.9(24) 
N(11) -Cu(1) -0(41) 91.4( 	6) C(23) -C(24) -C(25) 118.1(23) 
N(21) -Cu(1) -0(31) 93.9( 	6) N(21) -C(25)  119.2(20) 
N(21) -Cu(1) -0(41) 166.3( 	6) N(21)   115.2(19) 
0(31) -Cu(1) -0(41) 81.9( 	5) C(24) -C(25) -C(26) 125.6(22) 
0(12) -Cu(2) -0(22) 155.7( 	6) Cu(2) -N(32) -C(31) 111.0(13) 
0(12) -Cu(2) -U(32) 93.0( 	6) Cu(2) -N(32) -C(35) 129.5(14) 
0(12) -Cu(2) -N(42) 91.3( 	6) C(31) -N(32) -C(35) 119.2(18) 
0(22) -Cu(2) -N(32) 91.7( 	6) Cu(1) -0(31)  125.2(13) 
0(22) -Cu(2) -N(42) 89.9( 	6) N(32) -C(31) -0(31) 119.8(19) 
N(32) -Cu(2) -N(42) 165.9( 	6) N(32) -C(31)  122.2(20) 
Cu(L) -N(11) -C(11.) 107.0(13) 0(31) -C(31) -C(32) 117.9(19) 
Cu(1) -(11) -C(15) 129.3(14) C(31) -C(32) -C(33) 119.3(23) 
C(11) -N(11) -C(15) 123.6(18) C(32) -C(33) -C(34) 119.8(25) 
N(].1) -C(11) -C(12) 117.2(20) C(33) -C(34) -C(35) 117.7(24) 
C(].1)   119.4(24) N(32) -C(35) -C(34) 121.7(20) 
C(12) -C(13) -C(14) 120.1(26) N(32) -C(35) -C(36) 119.0(20) 
C(13) -C(14) -C(15) 118.1(25) C(34) -C(35) -C(36) 119.3(21) 
N(11) -C(15) -C(14) 121.6(22) Cu(1) -0(41) -C(41) 123.3(12) 
N(11) -C(15) -C(16) 119.4(21) 0(41) -C(41) -C(42) 117.3(20) 
C(14) -C(15) -C(16 . ) 118.8(23) C(41)   114.5(24) 
Cu(1) -N(21) -C(21) 109.4(13) C(42) -C(43) -C(44) 122.8(25) 
Cu(1) -N(21) -C(25) 130.8(14) C(43) -C(44) -C(45) 115.4(24) 
C(21) -N(21) -C(25) 119.8(18) C(44) -C(45) -C(46) 119.9(22) 
Cu(2) -0(22)  124.7(13) 0(100)-N(100)-0(101) 119.3(52) 
N(21) -C(21) -0(22) 115.5(19) 0(100)-N(100)-0(102) 120.0(51) 
N(21) -C(21)  124.7(20) 0(101)-N(100)-0(102) 119.6(51) 
0(22) -C(21) -C(22) 119.8(19) 
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Figure 2.9 Crystal structure of [Cu6(LMe)12Na](NO3) (5). 
The hexanuclear cation lies on a crystallographic three fold 
axis. It contains a ring of six coppers in a 'Star of David' arran-
gement. There are two unique copper environments, both can be de-
scribed as severely distorted square planar. The coppers are bound to 
two oxygen and two nitrogen donors from four pyridone rings. The 
coppers are bridged via two ligands on either side to its two neigh-
bouring coppers i.e Cu(l) is bridged to Cu(2) and Cu(2a). The coordi-
nation environment of Cu(l), which could be described as square 
planar with a cis arrangement of two N and two 0 donors, is extremely 
distorted. The angle between the plane described by the Cu and the 
two oxygens, and the plane described by the Cu and the two nitrogens 
is 18.6°. Cu(2) has a trans environment of its two N and two 0 do- 
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nors, and is even more highly distorted from square planar than 
Cu(1), with the angle between the Cu-N(42)-0(22) plane and the Cu-
N(32)-0(12) plane being 28.8°. The Cu-0 and Cu-N distances of 1.952-
1.970 and 2.000-2.031 A respectively (av esds 0.013A) are of a simi-
lar order to the unsubstituted and 3 or 4 alkyl substituted pyridone 
copper complexes" 2 . This is in contrast to copper complexes with the 
6-chioro ligand (structures (1) to (3)), where in particular, the Cu-
0 distances observed are noticeably shorter. 
The oxygens attached to Cu(1) and its symmetry equivalents (the 
copper atoms with a cis arrangement of donor atoms) all lie directed 
inward forming an oxo-lined cavity at the heart of the structure. 
Coordinated within this cavity lies a sodium ion on the three fold 
axis. It has a geometry fixed in a trigonally compressed octahedron. 
The presence of this Na is serendipitous, and is discussed in more 
detail in section 2.5.2. The Na-O distances of c.a. 2.26 A are 
fairly typical of a six coordinated sodium ion c.f. with 
NaI(benzo-15-crown-5).H 20" 5 (av. Na-O = 2.30 A ). This highly unus-
ual hexanuclear copper species contrasts considerably with the dimer-
ic structures found for copper complexes of 3- and 4-alkyl substitu-
ted' 03 , and unsubstituted 78 pyridones. It is unclear why, with this 
ligand, a hexanuclear copper species forms in preference to a dimeric 
complex as is formed with Ru 92 , Rh 93,  W74,  M074,9 1  and Cr74 , as well 
as the copper complex with the 6-chioro ligand (1). To investigate 
possible steric repulsions a dummy Cu 2(LMe) 4 complex was computer 
generated based on (1) with a methyl group at the 6-position with a 
bond length of 1.524A (the average distance of methyl carbon from 
the ring carbon for the Cr dimer 74). From this model a methyl-methyl 
distance of 3.95A is predicted, which is comparable to the methyl-
methyl distance in the Cr dimer (3.98A). This appears to rule out any 
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steric repulsions. 
note: The crystal suffered quite a large amount of deterioration, 
during data collection, and seemed inherently unstable out of solu-
tion, limiting the quality of the collected data. This could be 
attributed to its low packing coefficient 0.502, compared to 0.6 to 
0.7, which is more typical e.g. for high nuclearity carbonyl clus-
ters" 6 (the packing coefficient is defined as the molecular volume 
in the unit cell over the volume of the unit, cell). As a result of 
this low packing coefficient value the compound will have low cohe-
sive forces, which may account for the crystals degradation during 
data collection. 
Physical studies of (5) were also carried out. Electrochemical-
ly we observed one irreversible reduction at -0.73 V which corre-
sponds to six electrons by coulometry. The EPR is mostly featureless 
both as a solid and as a frozen solution in CH 2 C1 2 , indicating that 
the coppers are strongly anti-ferromagnetically coupling, this would 
also account for the low magnetic moment 
(.Leff = 4.18 BM per formula 
unit). The UV-Vis.-nIR absorbance spectra for (5) in CH 2 C1 2 has five 
bands. The two highest energy bands (bands I and II) at 234 nm (42700 
cm',E= 1830) and 290 nm (34500 cm 1 ,= 1500) can be assigned to inter 
ligand interactions (compare to the spectrum of 6-methyl-2-pyridinol 
in CH 2C1 2, which has two bands at 236 nm (42400 cm 1 ,=2500) and 304 
nm (32900 cm 1 ,c=2600)). Band III at 402 nm (24500cm 1 ,=380) is most 
likely from a metal ligand charge transfer band, c.f. to the charge 
transfer band for (1) (band III) at 400 nm. There are two very weak 
low energy bands, band IV at 613 nm (16300cm 1 ,=15) and band V at 
728 nm (13700cm',E=20). These low'energy bands can be attributed to 
Cu(II) d 9 d-d transitions. Addition of methanol to the dichiorome-
thane solution of (5) causes no significant change in the spectra 
recorded, unlike the case with (1). The mass spectrum (see appendix 
2.3) of this hexanuclear copper complex exhibits peaks seen for the 
cation, [Cu 6 (LMe) 12Na] 	, and several breakdown products 
[CU 4 (LMe) 8Na], [Cu3 (LMe) 6Na], [Cu 2(LMe) 4Na], [Cu 2(LMe) 3 Na] 
[Cu(LMe) 2Na]. No fragments of (5) are seen in which loss of the 
sodium is observed. 
2.5.1 Proton and Sodium-23 NMR Spectroscopy Qf),. 
Despite the compound being paramagnetic the NMR spectra of (5) 
are well resolved. Proton and sodium-23 NMR spectra were recorded in 
CDC1 3 and CD 2C1 2 . The spectra [figures 2.10 (proton) and 2.12 (sodi-
um-23)] suggest the structure of (5) is largely retained in solution. 
Figure 2.10 Proton NMR of (5) in CDCI3 . 
Protonated ligand 
-15 	 40 35 	 PPM 	
-5 	 -; 	 -15 
In the proton spectrum there are eight paramagnetically shifted 
resonances, indicating two ligand environments (the crystalline 
structure has four crystallographic ally inequivalent ligands, but 
there are only two chemically distinct ligand environments, as struc- 
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turally ring 1 is approximately equivalent to 2, and 3 is approxima-
tely equivalent to ring 4 ). The six peaks shifted to low field, each 
of intensity one, can be assigned to the six aromatic protons, and 
the two resonances at high field can be ascribed to the methyl groups 
(with relative intensity 3). The central resonances of the spectrum 
can be assigned to protonated ligand and solvent. 
The paramagnetic ally shifted peaks shows a temperature depen-
dence, with the plot of 1 / temperature against chemical shift lin-
ear, (figure 2.11; a)- paramagnetically shifted aromatic peaks, b)-
peaks due to protonated ligand , c) paramagnetic ally shifted alipha-
tic region ). This is consistent with both pseudo-contact and contact 
shift type processes. The possibility of carrying out more detailed 
calculations, for example of the type undertaken by Hawthorne and co-
workers 118 , examining how much contribution each factor (contact, 
pseudo-contact) makes, and the amount of spin delocalisation each 
proton is seeing, were investigated. However the complex nature of 
this structure, with six paramagnetic centres, unfortunately pre-
cludes such calculations. Assuming that the proton nearest the metals 
will have a substantial pseudo-contact shift contribution, we may 
assign the two peaks at lowest field (at -40.70 and -40.10 pmm) to 
the two protons at the 3 position of the ring (Cu - H 3.698-3.887 A). 
The other aromatic protons are all over 5 A away from the nearest 
metal. The difference in the two aliphatic resonances (highest field) 
also may be tentatively assigned in a similar manner, although all 
methyl protons are between 3.47-3.54A. However on examination of a 
molecular model, the methyl protons, on rings 3 and 4 lie in a posi-
tion over aromatic rings and hence are deshielded, and thus can be 
assigned to the peaks at lower resonance (at -13.76 ppm). The reso-
nances due to the protonated ligand show no temperature dependence, 
rITO 
Figure 2. 11 












3 	 3.5 	 4 	 4. 
1000 / Temperature(K) 
Paramagnetically shifted aromatic region. 
Protonated ligand (example of). 
C: parainagnetically shifted aliphatic region. 
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Due to the samples paramagnetism, (and hence very fast relaxa-
tion time) multi-pulse experiments were not successful. The presence 
of protonated ligand in the spectra did allow a saturation transfer 
experiment to be attempted. The methyl resonance of the free ligand 
was irradiated, but no subsequent saturation transfer was observed 
(for example to either of the paramagnetic ally shifted methyl reso-
nances). 
The sodium-23 spectrum contains two resonances (figure 2.12). 
One of these we can assign to the glass tube (-48.43 ppm), the other 
with a chemical shift of -165.17 ppm can be assigned to the sodium at 
the centre of (5). 
Figure 2.12 Sodium-23 NMR of (5). in CD2C12. 
_165.17 
-48.43 
400 	300 	200 	100 	 0 	-100 	-200 	-300 	-400 
ppm 
Considering the paramagnetic nature of the sample the line 
width of this high field peak is quite narrow, which is indicative of 
the quadrapolar Na nucleus being in a highly symmetric environment, 
as is the case in compound (5). 
2.5.2 Investigation o f the Origin o f the Sodium J..Q.n  and 'Metallo-
crown' Properties. 
The incorporation of sodium in compound (5) was unexpected as 
no obvious source of sodium could be identified. It was thought that 
the complex was leaching Na from the glassware during the lengthy 
recrystallisation process. However the mass spectra of the recrystal-
used product, in glass and plastic, gave almost identical spectra. 
Both spectra show peaks for the copper hexamer plus Na and other 
fragment ions, nearly all possessing sodium. This implies that the 
sodium must be present before recrystallisation. Sodium atomic absor-
bance analysis of the starting reagents showed that the probable 
source of sodium was an impurity in the initial reagents, in particu-
lar the potassium hydroxide which was used to prepare the potassium 
salt of the ligand (with 2266ppm sodium in KOH and 2304 ppm in 
KLMe.H 2 0). Considering this sodium impurity, of 0.017 mol per mol of 
KLMe.H 20, a maximum percentage yield can be calculated for (5) of 
20.4%, which is close to the actual percentage yield obtained for (5) 
of 19% (the percentage yield calculations were for the reaction of 6 
Cu(NO3)2+ 12 KLMe -> Cu6(LMe)12NaNO 3). 
The presence of the sodium ion in (5), which is reminiscent of 
crown ethers in the sense that the ion is encapsulated within an oxo-
lined cavity, raises the possibility of ion exchange reactions (as 
observed with crown ethers) i.e. replacing the sodium ion with other 
ions. Unlike crown ethers the cavity in (5) is largely inflexible as 
the cavity oxygens are held in position by the constraints imposed by 
their coordination to the copper atoms that constitute the ring 
structure. As the coordination site is fixed both in terms of cavity 
size (4.5 A) and ligand geometry, which is a trigonally compressed 
octahedron, this limits the possibilities for ionic exchange of the 
central sodium ion. For example the size of the cavity (4.5 A) is too 
small to coordinate potassium (KLMe.H 20 is used in the synthesis of 
(5)), which would require a cavity size of circa 5.6 A (based on an 
av. K-O distance of 2.8 A for six coordinate complexes with crown 
ethers" 9). However an 'ion exchange' reaction is observed upon 
reaction of a dichloromethane solution of (5) with lead nitrate' 20 , 
replacing the 'guest' sodium ion with a seventh copper ion and the 
nitrate anion with an unusual [Pb(NO 3 ) 4 ] 2  counter ion. [note This 
reaction is not simply replacement of Na with Cu 2 , as the only 
source of copper is (5) and hence the reaction must lead to the break 
up of the metallocrown to some degree.] 
Such complexes as (5) have been termed 'metallocrowns" 21123 , 
these are defined as 'crown ether' like species where the carbon 
backbone has been replaced by metal containing entities, while still 
retaining the ability to coordinate a 'guest' ion in an ether like 
manner. In order to class (5) as a metallocrown there are two criter-
ia, which we feel must be satisfied. Firstly that the structure is 
maintained in solution, and secondly that the 'guest ion' [Na in the 
case of (5)] can be replaced without gross alteration to the struc-
ture. NMR evidence discussed in the previous section suggest that the 
structure is maintained in solution, and as mentioned earlier it is 
possible to replace the central sodium ion with a seventh copper ion, 
thus (5) fulfils both the criteria for a metallocrown. 
2.6 Experimental. 
2.6.1 Preparation. 
ji2 (LCfl 4 fl. Hydrated copper nitrate (10 mmol) and the po-
tassium salt of 6-chloro-2-hydroxypyridine (20 mmol) were mixed inti-
mately as solids and the resulting dark green paste was extracted 
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with dichioromethane to give a dark red solution. After the solution 
was evaporated to dryness and subsequent washing of the residue with 
ether, a dark red/purple solid was obtained in about 85% yield. 
Recrystallisation by diffusion of ether into a dichioromethane solu-
tion affords deep red crystals suitable for X-ray diffraction (re-
crystallised yield 60%). 
Cu 4 (LCfl 4 (CH 3 Q.14 	0.02mmol of (1) was dissolved in CH 2C12 
(Sml) and to this red solution was added methanol (5m1). The solution 
immediately turned a pale green and over a period of a month very 
dark lilac crystals formed of a suitable quality for X-ray analysis 
in 39% yield. 
Ji 3 (LCfl 4LC4fl5Q2 I 21 L. Reaction of (1) (0.024 mmol) in a 
dichioromethane solution (15m1) with a vast excess of ethylene glycol 
(2m1), gives a green solution. The dichioromethane was evaporated off 
leaving a green glycol solution. After four days a deep red precipi-
tate of (1) which had formed was removed by filtration. From the 
resulting green solution a small quantity of green crystals formed 
after a period of three weeks which were of a suitable quality for X-
ray analysis (14% yield). The analogous reaction with 2-cyano-ethanol 
and (1) precipitates a green solid after evaporation of dichiorome-
thane. The insoluble product was found to be a similar copper polymer 
to (3), by C.H.N and infra-red. The infra-red spectra of (3) and the 
2-cyano-ethanol product, are almost identical [Cu 3 (LCl) 4 (C 4 H 5 O 2 ) 2 } 
(3) has v(C=O)= 1598.1 cm' and the product with NCCH 2CH 2OH has 
v(C=O)= 1595.0 cm -1 . [Listed here are the peaks stronger than 50% 
transmittance (cm') for (3) and the 2-cyano-ethanol product (denoted 
(3-CN):- 
(3) : 1598(s), 1534, 1458(s), 1444(s), 1356, 1172, 1013, 926, 795. 
(3-CN): 1595(s), 1536, 1462(s), 1441(s), 1356, 1170, 1018, 927, 797. 
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notes s denotes peak stronger than 10% transmittance, both of the 
samples were run as KBr discs.] 
[BrCu(MeCN)1 L4. The reaction of (1) (0.08 mmol) in a di-
chloromethane solution (50 ml) with a vast excess of 2-bromo-ethanol 
(5 ml), gives a deep violet solution. The solvents were evaporated 
off leaving a brown tar, which was redissolved in acetonitrile giving 
a green solution. Yellow crystals of a suitable quality for X-ray 
analysis were obtained by diffusion of ether into this acetonitrile 
solution (31% recrystallised yield). 
Lc.n6(LMe) 12Na1(NO 3 L. The reaction of the potassium salt of 
6-methyl-2-hydroxypyridine (18 mmol) with hydrated copper nitrate (9 
mmol) in a similar exo-vitro method as performed in the synthesis of 
(1) gave a green paste, which after extraction in dichloromethane 
gave a deep green solution. The crude product, a light green solid 
was obtained in about 80% yield after the solution was evaporated to 
dryness. Recrystallisation was achieved by slow diffusion of ether 
in a dichioromethane solution of the crude product to give dark green 
crystalline cubes. After three months 19% recrystallised product was 
obtained. 
Table 	Elemental Data for Compounds in Chapter L 
Compound 	Formula 	Analysis (calculated values) 
%C %H %N 
1 	Cu2(LC1)4 37.1(37.4) 1.8(1.8) 8.6(8.7) 
2 	Cu2(LC1)2 (CH 3O)2 32.2(32.3) 2.8(2.7) 6.0(6.3) 
3 	I CU 3 (LC')4(C2 H  502)  } 35.3(33.2) 2.7(2.7) 6.8(6.8) 
I CU 3 (LC')4(C3 H  4  NO) } 36.8(36.9) 2.5(2.4) 9.3(9.9) 
5 	[Cu 6(LMe) 12Na].NO3 48.3(49.0) 4.1(4.1) 10.3(10.1) 
72 
2.6.2 Physical Measurements. 
JR spectra were recorded on a Perkin-Elmer 1600 series FTIR 
spectrometer as nujol mulls (NaC1 plates) or as KBr discs. 
UV-vis.-nIR absorbance spectra were recorded on a Perkin Elmer 
lambda 9, and on a Shimadzu UV-160A spectrophotometers using 1 cm 
quartz cells. For the data reported in table 2.2, a 0.852 mM solution 
of (1) in CH 2 C1 2 was prepared. To a 2 ml sample of this stock solu-
tion were added 1 ml of various other solvents (thus the concentra-
tion of the mixed solvent solution were 0.568 mM of (1)), and their 
spectra recorded. 
EPR spectra were recorded using a BrUker ESR ER 200D-SRC, X 
band spectrometer. Spectra were recorded as either a frozen glass at 
77K (liquid nitrogen) or as powdered sample at room temperature. 
Proton and sodium-23 NMR spectra were recorded by Dr David Reed 
of the University of Edinburgh, on a Brüker AM 360. Samples were 
prepared in solutions of CDC13 and CD2C12 . 
Magnetic measurements were performed on a Johnson Mathey magne-
tic balance, MSB1. 
Mass spectra samples were prepared in 3-NOBA matrix, and their 
FABs mass spectra recorded, using a Kratos, MS50 T.C.. 
Electrochemistry was carried out in argon purged solutions of 
dry distilled dichloromethane or 99% DMF. (TBA)(BF 4) was used as 
supporting electrolyte (0.5M for CH 2 C1 2 , and 0.1 for DMF). The ex-
periments were carried out in a conventional glass cell with a three 
electrode configuration, and using a platinum micro-electrode and 
platinum electrode as the working and counter electrodes respectively 
and the potential was referenced against a Ag/AgC1 reference elec-
trode (which was separated from the bulk solution by a glass frit). 
The PAR model 170 electrochemistry system was used as a controlled 
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potential source for cyclic, a.c. and stirred voltammetry. 
For (5) the calculations of cationic and molecular volume, and 
inter-ion interactions where performed using Gavezzotti's OPEC suite 
of programs" 7 . 
2.6.3 X-ray Structure Determination. 
A summary of crystal data and intensity measurements for com-
pounds (1), (2), (3), (4) and (5) are given in table 2.9. All data 
were recorded and processed using a Stoë STADI-4 four-circle diffrac-
tometer, with graphite monochromated Mo-K X-radiation (lamda = 
0.71073) and omega-20 scans with the 'learnt profile' method 
(W.Clegg, Acta. Cryst.,sect A,1981,37,22). The structures were solved 
by heavy atom methods and iterative difference Fourier synthesis, 
with all calculations using SHELX76 (G. M. Sheldrick, University of 
Cambridge, England 1976). These structures where all refined aniso-
tropically (including H atoms in calculated positions). 
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Table 2.9 Crystallographic Data for (1), (2), (3). 
(1) 	(2) 	(3)a 
Parameter 
Formula C20 11 20 4 Cu 2 N 4 0 4 C 24 H 24 C1 4 Cu 4 N 4 08 C24 H 22 C1 4 Cu 3 N 4 0 8 
Formula wt. 	(g mo! 1 ) 641 892 826.5 
T(K) 150(1) 150(1) 150(1) 
Crystal system orthorhombic triclinic monoclinic 
Space group I'2121 pi P2 1/c 
a(A) 15.3943(20) 7.782(3) 9.7366(13) 
b(A) 15.8925(13) 9.149(4) 10.0527(9) 
c(A) 18.4974(20) 11.549(4) 15.6947(15) 
alpha() - 86.874(22) - 
beta() - 76.526(22) 102.367(8) 
gamma() - 74.809(23) - 
V(A3 ) 4525.5 771.7 1500.5 
8 8 
1b 2 
D 	(g cm 3 ) 1.88 1.92 1.83 
F(000) 2455 444 826 
crystal colour deep red deep lilac dark green 
crystal shape plate tablet needle 
mounting oil drop oil drop oil drop 
crystal size(mm) 0.27x0.19x0.04 0.25x0.20x0.18 0.54x0.lOxO.lO 
range of 20 0 - 45 5 - 45 5 - 45 
Absorption correction Yes No No 
(l) 2.40 3.13 2.53 
no. of unique data 2701 2955 2098 
no. observed data 2036 1695 1415 
F>$a(F) 4 4 4 
Maximum shift/esd 0.049 0.001 0.007 
R 0.0440 0.0270 0.0421 
0.0494 0.0358 0.0531 
weighting scheme (w)C 0.00050 0.000569 0.00080 
Goodness of fit 0.932 1.065 1.151 
Residual electron 0.54 0.55 0.70 
density (eA 3 ) 
unit cell measured on:- 
no. reflections 69 30 44 
at 	omega 22<=20<24 30=20<32 24<=20<26 
notes: 
Compound (3) is polymeric, data reported is for the stoichiometric 
unit. 
Molecule lies on an inversion centre. 
C: - Weighting scheme as [a2 (F) - wF2] 
Table 2.9 cont.-Crystallographic Data for (4) and (5). 
(4) d 	(5) 
Parameter 
Formula C 2 H 3 BrCUN C 72 11 72 Cu 6 N 13 NaO 15 
Formula wt. (g mol 1 ) 184.5 1762 
T(K) 150(1) 150(l) 
Crystal system monoclinic cubic 
Space group F2 1 /c F3 
4.0126(17) 26.7414(2) 
b(A) 12.880(7) - 
c(A) 8.663(3) - 
alpha() - - 
beta() 90.10(4) - 
gamma() - - 
V(A3 ) 447.7 19122.8 
z 4 
8e 
D 	(g cm 3 ) 2.74 1.23 	- 
F(000) 344 7280 
crystal colour yellow dark green 
crystal shape tablet cube 
mounting oil drop capillary tube 
crystal size(mm) 0.32x0.28x0.12 0.66x0.66x0.27 
range of 20 5 - 45 0 - 45 
Absorption correction Yes Yes 
i (mm 1 ) 13.54 1.38 
no. of unique data 834 3081 
no. observed data 447 1877 
F>Va(F) 3 3 
Maximum shift/esd 0.029 0.105 
R 0.0342 0.1019 
R 0.0411 0.1275 
W 
weighting scheme (w)C 0.000185 0.003305 
Goodness of fit 1.045 1.050 
Residual electron 0.67 0.95 
density (eA -3 
unit cell measured on:- 
no. reflections 11 10 
at i omega 30<=20<=32 24<=20<=26 
notes: 
Compound (4) is polymeric, data is reported for the stoichiometric 
unit. 
Molecule lies on a three fold axis. For (5) the calculated density 
(Do) appears low, however the observed density was measured at 1.21 g 
cm-3 for freshly prepared crystals and 1.48 g cm-3 for day old material. 
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Appendices 
2.1 Mass Spectrum for 	 ii4(LC1)4 H34 .(Z) 
m/z observed (%) fragment (M caic.) 
1086 (2) Cu5 (LC1)5(MeO)302 1085 
1073 (2) Cu5(LC1)5(MeO)203 1070 
870  Cu4(LC1)4(MeO)202 872 
746  Cu4(LC1)3 (MeO)30 748 
596 (5) Cu3 (LC1)30 592 





Cu2 (LC 1)2(MeO) 
Cu2 (LC 1)2(MeO)b 
446 
431 
384  Cu3 (LC1)2 384 
369  Cu2(LC1)203 369 
321 (10) Cu2(LC1)2 321 
2.2: Mass spectra Lc'i ICIU-ACl AC H 50212 M 









5n - (C H50 ) - (OH) 
5n - (L1) - 	(OH) 
4055 
3970 
3688 (16) 4n+Cu(LC1)2Cu 3690 
3289 (22) 4n-(OH) 3289 
2040 (47) 2n + Cu2(LC1)2 2037 
1375 (91) n + Cu (LC1) + (C4H502) 1379 
780  Cu3(L1)4(C47H5O2)O 782 
728  Cu3 (LC1)402 729 
385 (87) Cu3(LC1)2 384 
where 
note: 
n=[Cu3(LC1)4(C H 02)2]  (M=826.5) 
mass (6e5iow 	and a 	mass than 2000) A low 	 2000) 	high (greater 	 spec- 
tra where recorded. 
2.3: Mass Spectrum for ICii(LMe 12Na1(NO4 1L 
m/z observed (%) 	fragment 	 (M caic.) 
1704 (12) M+ 1701 
1141 (29) Cu4(LMe) 8Na 1141 
862 (69) Cu3(LMe)6Na 862 









131 (95) (LMe)2Na 131 
where M 4 = [Cu 6  (LMe)  12  Na]+  
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Chapter Reactions Qf  f&2ffi"  (fl with Lanthanoid Nitrates, 
3.1 Introduction. 
Following the stepwise synthetic approach as described in 
chapter 1.4, the next 'step' in the synthesis of mixed copper lantha-
noid complexes is the reaction of the copper complex (prepared as 
described above) with the lanthanoid source (in this case hydrated 
lanthanoid nitrate). In this chapter reactions of the dimeric copper 
complex (1) with lanthanoid nitrates are described leading to the 
formation of seven crystallographically characterised mixed Cu-Ln 
complexes involving four structural types. 
There are several factors that could alter the course (and 
hence products) of the reaction of (1) with lanthanoid nitrates, such 
as lanthanoid size (atomic number), concentration, stoichiometry, 
solvent conditions, concentration and method of reaction (e.g. addi-
tion rate and sequence). Two of these factors, the lanthanoid used 
and solvent conditions are examined in this chapter by carrying out 
two sets of reactions. The first set of reactions examine the effect 
of varying the lanthanoid used. Solutions of a series of lanthanoid 
nitrate salts in methanol were reacted with (1) dissolved in CH 2 C1 2 
producing three distinct structural configurations: 
Cu 3 Ln(LC1) 5 (NO.3) 3 (MeO)(MeOH) 2 for early (large) lanthanoids such as 
La and Ce; Cu 3 Ln(LC1) 7 (NO 3 )(OH)(HLC1) for middle lanthanoid ions 
such as Ln = Gd, Dy and Er; [CuLn(LC1) 2(NO3 ) 2(MeO)(MeOH) 2] 2 for late 
(small) lanthanoid ions like Yb. The second set of experiments in-
vestigate the role of solvent in the reaction of (1) with lanthanoid 
nitrates. Solutions of (1) in CH 2 C1 2 were reacted with lanthanum 
nitrate in three different solvent systems. Firstly the reaction of 
(1) with a methanol solution of La(NO 3 ) 3 .6H 20 gives 
Cu 3 La(LC1) 5 (NO 3 ) 3 (MeO)(MeOH) 2 , secondly with an ethanol solution of 
La(NO 3 ) 3 .6H 2 0 yields Cu 3La(LC1) 7 (OH) 05 (EtO) 05 (HLC1) (which is iso-
structural with the product formed with the 'mid-range' lanthanoids 
dissolved in methanol) and thirdly the reaction of (1) with 
La(NO3)3 .6H20 in acetonitrile gives [CuLa(LC1) 4(NO3)(HLC1)1 2 . 
3.2 Reaction qf a Series af Lanthanoid Nitrates 	methanol) with 
3.2.1 Structure f Cu3La(LCfl5jN033(MeO)(MeOH') 2  01 
Addition of hydrated lanthanum nitrate in methanol to a solu-
tion of (1) in dichloromethane immediately caused the red solution to 
turn green. Diffusion of ether into this solution lead to the forma-
tion of dark green crystals of a suitable quality for X-ray analysis. 
The subsequent analysis revealed a highly asymmetric mixed copper-
lanthanum complex (figure 3.1) with a stoichiometry ot 
Cu 3 La(LC1) 5 (NO 3 ) 3 (MeO)(MeOH) 2 . Tables of selected bond lengths and 
angles are given in table 3.1. 
Figure 3.1 Crystal Structure of 











Table 3.1: Bond lengths and angles for (6). 
a) Selected bond lengths (A) with standard deviations. 
La(1) - 0(1) 2.366( 3) Cu(1) - N(S) 2.001( 3) 
La(1) - 0(2) 2.630( 3)  -0(1M) 1.914( 3) 
La(1) - 0(5) 2.589( 3)  -Cu(3) 2.9699( 7) 
La(1) -0(12N) 2.613( 3) Cu(2) - 0(2) 1.954( 3) 
La(1) -0(13N) 2.605( 3) Cu(2) - N(3) 1.990( 3) 
La(1) -0(21N) 2.609( 3) Cu(2) - N(4) 1.982( 3) 
La(1) -0(23N) 2.774( 3) Cu(2) - 0(5) 1.962( 3) 
La(1) -0(31N) 2.608( 3) Cu(3) - N(2) 2.0S3( 3) 
La(1) -0(33N) 2.625( 3) Cu(3) - 0(3) 1.916( 3) 
La(1) -0(3)4) 2.599( 3) Cu(3) - 0(4) 2.246( 3) 
Cu(1) -Cu(3) 3.1080( 7) Cu(3) -0(1M) 1.899( 3) 
Cu(1) - N(1) 1.960( 4) Cu(3) -0(2M) 2.OSO( 3) 
Cu(1) - 0(4) 1.976( 3) 
b) Selected angles (°) with standard deviations. 
0(1) 	-La(1) - 0(2) 93.53( 9) Cu(S) -Cu(1) - 	 N(1) 131.07(10) 
0(1) 	-La(1) - 0(5) 75.96( 9) Cu(3) -Cu(1) - 0(4) 46.07( 	8) 
0(1) 	-La(1) -0(12N) 118.22(10) Cu(3) -Cu(1) - N(S) 127.66(10) 
0(1) -La(1) -0(13N) 70.67(10) Cu(3) -Cu(1) -0(M) 35.26( 	8) 
0(1) 	-La(1) -0(21N) 167.64(10) N(1) -Cu(1) - 0(4) 168.02(13) 
0(1) -La(1) -0(23N) 131.43( 9) N(1) -Cu(1) - N(S) 98.95(14) 
0(1) 	-La(1) -0(31N) 80.88(10) N(1) -Cu(1) -0(1M) 96.06(13) 
0(1) 	-La(1) -0(33N) 123.36(10) 0(4) -Cu(1) - N(S) 88.16(12) 
0(1) 	-La(1) -0(3M) 74.87(10) 0(4) -Cu(1) -0(1M) 79.25(12) 
0(2) -La(1) - 0(5) 58.26(  N(S) -Cu(1) -0(1M) 160.78(13) 
0(2) 	-La(1) -0(12N) 84.08(  Cu(3) -Cu(2) - 0(2) 76.08( 	8) 
0(2) -La(1) -0(13N) 75.02( 9) Cu(3) -Cu(2) - N(3) 79.31(10) 
0(2) 	-La(1) -0(21N) 74.72( 9) Cu(3) -Cu(2) - N(4) 91.46(10) 
0(2) 7La(1) -0(23N) 92.50( 9) Cu(3) -Cu(2) - 0(5) 110.27( 	8) 
0(2) -La(1) -0(31N) 131.33( 9) 0(2) -Cu(2) - N(3) 94.91(13) 
0(2) -La(1) -0(33N) 140.59( 9) 0(2) -Cu(2) - N(4) 162.38(13) 
0(2) -La(1) -0(3M) 134.70( 9) 0(2) -Cu(2) - 0(5) 80.92(11) 
0(5) 	-La(1) -0(12N) 141.35( 9) N(3) -Cu(2) - N(4) 94.94(14) 
0(5) -La(1) -0(13N) 119.57( 9)  -Cu(2) - 0(5) 168.00(13) 
0(5) -La(1) -0(21N) 94.22( 9)  -Cu(2) - 0(5) 92.08(13) 
0(5) -La(1) -0(23N) 66.85( 9) Cu(1) -Cu(3) -Cu(2) 69.685(17) 
0(5) -La(1) -0(31N) 144.04( 9) Cu(1) -Cu(3) - N(2) 110.37(10) 
0(5) -La(1) -0(33N) 131.0S( 9) Cu(1) -Cu(3) - 0(3) 130.64( 	9) 
0(5) 	-La(1) -0(3M) 76.44( 9) Cu(1) -Cu(3) - 0(4) 39.33( 	7) 
0(12N)-La(1) -0(13N) 49.05( 9) Cu(1) -Cu(3) -0(1M) 35.S7( 	8) 
0(12N)-La(1) -0(21N) 65.21( 9)  -Cu(3) -0(2M) 101.45( 	9) 
0(12N)-La(1) -0(23N) 110.33( 9)  -Cu(3) - N(2) 77.29(10) 
0(12N)-La(1) -0(31N) 74.24( 9) Cu(2) -Cu(3) - 0(3) 74.04( 	9) 
0(12N)-La(1) -0(33N) 72.6S( 9) Cu(2) -Cu(3) - 0(4) 58.81( 	7) 
0(12N)-La(1) -0(3M) 140.22( 9) Cu(2) -Cu(3) -0(1M) 97.33( 	9) 
0(13N)-La(1) -0(21N) 109.01( 9) Cu(2) -Cu(3) -0(2M) 140.10( 	9) 
0(13N)-La(1) -0(23N) 156.09( 9) N(2) -Cu(3) - 0(3) 92.57(13) 
0(13N)-La(1) -0(31N) 76.62( 9) N(2) -Cu(3) - 0(4) 132.04(12) 
0(13N)-La(1) -0(33N) 109.34(10) N(2) -Cu(3) -0(1M) 96.36(13) 
0(13N)-La(1) -0(3M) 135.70(10) N(2) -Cu(3) -0(2M) 138.79(13) 
0(21N)-La(1) -0(23N) 47.31( 9) 0(3) -Cu(3) - 0(4) 92.96(11) 
0(21N)-La(1) -0(31N) 111.27( 9) 0(3) -Cu(3) -0(1M) 165.95(12) 
0(21N)-La(1) -0(33N) 66.79(10) 0(3) -Cu(3) -0(2M) 85.69(12) 
0(21N)-La(1) -0(3M) 110.54(10) 0(4) -Cu(3) -0(1M) 73.00(11) 
0(23N)-La(1) -0(31N) 112.34( 9) 0(4) -Cu(3) -0(2M) 89.13(11) 
0(23N)-La(1) -0(33N) 67.68( 9) 0(1M) -Cu(3) -0(2M) 94.61(12) 
0(23N)-La(1) -0(3M) 67.08( 9) La(1) - 0(2) -Cu(2) 107.52(11) 
0(31N)-La(1) -0(33N) 48.91(10) Cu(1) - 0(4) -Cu(3) 94.61(11) 
0(31N)-La(1) -0(3M) 71.14(10) La(1) - 0(5) -Cu(2) 108.82(11) 
0(33N)-La(1) -0(3M) 70.04(10) Cu(1) -0(1M) -Cu(3) 109.18(14) 
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This mixed d-f block complex is highly asymmetric and can be 
considered as comprised of two domains, an oxygen rich lanthanum 
region of La(NO 3 ) 3 (MeOH) and a copper-pyridone domain which contains 
Cu3 (LC1)5(MeO)(MeOH). 
The three coppers in the 'copper' domain each occupy a chemic-
ally distinct environment. Cu(1) is four coordinate bound to two 
nitrogen donors from pyridone rings and two p. 2 -oxygen donors from a 
pyridone ring and a deprotonated methanol. Cu(2) is also four coordi-
nate with its coordination set being comprised of two nitrogen and 
two 9 2-oxygens (both shared with the lanthanum atom) from four pyri-
done rings. Unlike Cu(1) and Cu(2), Cu(3) is five coordinate being 
bound to one nitrogen and four oxygen donors. Two of the oxygen 
donors, from a pyridone ring and a deprotonated methanol, are bi-
nucleating (sharing their coordination with Cu(1) and thus forming a 
Cu 202 ring), a third oxygen donor is mononucleating from a pyridone 
unit while the fourth is from a terminally coordinated methanol. The 
nitrogen donor to Cu(3) comes from a LC1 unit. 
The coordination of all three copper atoms are distorted. Cu(l) 
and Cu(2) are both based on a square planar geometry and both have a 
cis arrangement of their 2N 20 donor set. The chief distortions for 
Cu(1) are manifest in a reduction of the angle between the two 0 
atoms to 79.25(12)°, and an angle between the 0-Cu-0 and N-Cu-N 
planes of 17.3°. For Cu(2) the main distortions are again in the 
0-Cu-0 angle which is reduced to 80.92(11)', and an angle of 19.2° 
between the 0-Cu-0 plane and the N-Cu-N plane. Cu(3) exhibits a 
highly distorted coordination geometry, and is best described as a 
crude trigonal bipyramid, with 0(3) and 0(lm) in the axial positions. 
The 0(3)-Cu(3)-0(lm) trans angle is 165.95(12)', and the angles 
within the triangular plane are 89.1, 132.0 and 138.9° (av. esds 
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0.12°). The four atoms within the triangular plane [Cu(3), N(3), 0(4) 
and 0(2m)] are within error co-planar, with an average deviation from 
the plane, defined by these four atoms, being 0.0075A. 
The Cu-0 bond lengths vary greatly from a minimum of 1.899(3) A 
[Cu(3)-0(lm)] to a maximum of 2.246(3) A [Cu(3)-0(4)}. The two short-
est Cu-0 distances are from the contacts to the oxygen from the 
deprotonated methanol [0(lm)]. These distances from Cu-0(methoxy) of 
1.899(3) and 1.914(3) A are noticeably shorter than the Cu-O(metha-
nol) distance [Cu(3)-0(2m) = 2.050(3) A] as might be expected. The 
short Cu methoxy distances are consistent with the Cu-OMe distances 
observed in Cu 4(LC1) 4 (Me O) 4  (2) (av. Cu-0 = 1.910 A). The Cu-0(pyri-
done) vary from the very short 1.916(3) A to the very long 2.246(3) 
A, with three intermediate distances between 1.954(3)-1.976(3) A. The 
short Cu-0(pyridone) contact is with a mononucleating oxygen [Cu(3)-
0(3)] and is akin to the distances observed in Cu 2 (LC1) 4 (1) and 
Cu 4 (LC1) 4 (Me O) 4  (2) [av. Cu-0(pyridone) are 1.928 A for (1) and 1.922 
A for (2)]. The intermediate Cu-0(pyridone) distances of 1.954(3)-
1.976(3) A are all to binucleating oxygens and are more reminiscent 
of Cu-0(pyridone) distances observed in copper dimer complexes with 
the unsubstituted and the 3,4 alkyl substituted pyridones 78 " °3 (e. g. 
Cu-0 = 1.963(13)A for the 3-ethyl-pyridone copper complex' 03 ). The 
two longest Cu-0 (and the longest Cu-N) contacts, including the very 
long Cu-0(pyridone) distance of 2.2446(3)A, are to the five coordi-
nate Cu [Cu(3)] and these long contacts probably reflect this high 
coordination number. 
The Cu-N distances are more consistent with a range of 1.960(4) 
to 2.053(3) A. The shortest contact [Cu(1)-N(1)] is slightly shorter 
and the longest [Cu(3)-N(2)] is slightly longer than the Cu-N dis-
tances previously observed in complexes (1), (2) and (3) [Cu-N range 
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for (1), (2) and (3) is 1.986(5) to 2.028(6) A]. 
The lanthanum atom is ten coordinate; bound to six oxygens from 
three bidentate nitrate ions, two p1 2- oxygen atoms from two pyridone 
rings [which it shares with Cu(2)], a mononucleating pyridone oxygen, 
and finally to a molecule of methanol. The coordination geometry of 
this ten coordinate lanthanum is not easily described. However if we 
consider the two oxygens of each nitrate to occupy only one coordina-
tion site each (for convenience the atomic position of the nitrate N 
is used) the coordination number is reduced to seven and the geometry 
of the lanthanum can be described as a crude pentagonal bipyramid. 
The two axial sites are occupied by nitrate-2 [N(2n)] and 0(1) from 
the mononucleating pyridone oxygen, the 0(1)-La(1)-N(2) trans angle 
is 154.0(9). The six atoms of the pentagonal plane [La(1), 0(3m), 
0(5), 0(2), N(ln) and N(3n)] define a moderate mean plane with an 
average deviation of 0.245 A. The La-0 bond lengths fall into three 
groups: the bond to the oxygen from the bidentate pyridone ring 
[0(1)] at 2.366(3) A; the bonds to the 9 2-oxygens [0(5) and 0(2)] of 
the tridentate pyridone rings at 2.589(3) and 2.630(3) A; the bonds 
involving nitrate or methanol where the oxygens fall between 2.599(3) 
and 2.744(3) A. 
The molecule contains five 6-chloro-2-pyridone ligands. Three 
of these are trinucleating with the other two binucleating. Two of 
the three trinucleating pyridone rings have their exo-cyclic oxygens 
bridging La(1) and Cu(2) forming a LaCuO 2 ring. One of these two 
ligands has its ring nitrogen bound to Cu(1) while the other ligand 
has its N donor bound to Cu(3). This three way bonding mode displayed 
by these two ligands is similar to the bonding mode observed with the 
unsubstituted pyridone ligand in Cu 4Ln 2 complexes previously repor-
ted 42 ' 45 . The third trinucleating ligand here bridges all three cop- 
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pers, Cu(1) and Cu(3) via the p. 2-oxygen and to Cu(2) by the ring 
nitrogen atom. Of the two bidentate ligands one bridges Cu(2) and 
Cu(3), while the other bridges from Cu(1), bound to the ring nitro- 
gen, to the lanthanum atom. Methanol is involved in this structure in 
three ways. Firstly and most significantly bridging Cu(1) and Cu(3) 
in its deprotonated form. Secondly, as a methanol molecule attached 
in the fifth coordination site of Cu(3) and thirdly as a bound sol-
vent molecule as part of the coordination sphere of La(1). 
Each metal atom in this structure is bridged to each other 
leading to several short inter-metallic contacts. Metal metal dis-
tances and a shorthand summary of their various bridging modes are 
given in table 3.2. 




















Bond lengths are in A with average esds 0.001 A 
where: 	p.2-LC1 = Binucleating pyridone ring. 
p.3-LQ = Trinucleating pyridone ring. 
O(pyr) = Oxygen from a pyridone ring. 
O(Me) = Oxygen from a methoxy group. 
The mechanism of this reaction is unclear, but evidently the 
role of methanol is crucial due to its involvement in the structure. 
Cu(2) and Cu(3) represent to some degree a recognisable fragment of 
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Cu2 (LC1) 4 (1), with three pyridone ligands bridging the two metal 
atoms and a reasonably short Cu-Cu distance. The Cu 202 ring comprised 
of Cu(1), Cu(3), O(lm) and 0(4) is somewhat reminiscent of the 
Cu2 (OMe) 2 rings observed in Cu 4 (LC1) 4 (Me O) 4 structure (2). While the 
CuO 2La ring [Cu(2), La(1), 0(5) and 0(2)] is most reminiscent of 
Cu(1)0 2Na ring in (5) the hexanuclear copper complex (formed with the 
6-methylpyridone ligand). As shall be seen later in this chapter this 
CuLnO2 ring motif is common in such mixed copper lanthanoid complexes 
with this ligand. 
The packing diagram (figure 3.2) shows that the closest inter-
molecular interactions are between nitrate oxygens and the chlorine 
atoms of the pyridone ligands bound to Cu(l) at 3.139(6), 3.196(6) 
and 3.323(6) A, there is also a close interaction between the methyl 
group of solvent bound to Cu(3) [C(3m)] and a nitrate oxygen at 
3.094(9)A. 
Figure 3.2 Molecular Packing of Cu 3La(LC1)5(NO3)3(MeO)(MeOH)2 (6). 
3.2.2 Structure Cu 3 Ln(LCfl 7 (NO 3 (OH(HLCU where Un a —Gd LTh th 
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The addition of gadolinium nitrate in methanol to the red 
solution of Cu 2 (LC1) 4 (1) in dichloromethane immediately resulted in 
the formation of a deep green solution. The solution was evaporated 
to dryness and recrystallised by diffusion of ether into a methanol 
solution of the crude product yielding dark green crystals of suit-
able quality for X-ray analysis. The subsequent analysis revealed a 
mixed copper gadolinium complex with a stoichiometry of 
Cu3Gd(LC1)7 (NO3)(OH)(HLC1) (7) and the structure shown in figure 3.3. 
Figure 3.3 Crystal Structure of GdCu 3(LC1)7(NO3)(OH)(HLC1) (7). 
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The analogous reaction of gadolinium nitrate with Cu 2 (LC 1) 4 (1) 
was also performed with other lanthanoid nitrates. The reactions with 
dysprosium and erbium nitrate both yielded dark green crystals which 
were of sufficient quality for X-ray analysis, the analyses for both 
of these lanthanoids gave values for their unit cells very similar to 
(7). Indeed both the dysprosium complex (8) and the erbium complex 
(9) are iso-structural with (7). The only differences between the 
three structures are related to the occupancy of solvent molecules. 
Tables of selected bond lengths and angles for the three complexes 
are given in tables 3.3, 3.4 and 3.5. 
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Table 3.3: Selected bond and angles for (7). 
a) Selected bonds lengths (A) with standard deviations 
Gd(1) -0(1k) 2.270( 4) Cu(1) -N(6R) 1.997( 5) 
Gd(1) -0(3k) 2.462( 4) Cu(1) -0(7k) 1.959( 4) 
Gd(1) -0(4k) 2.296( 4) Cu(2) -N(1R) 1.972( 5) 
Gd(1) -0(5k) 2.239( 4) Cu(2) -0(2R) 1.939( 4) 
Gd(1) -0(7R) 2.484( 4) Cu(2) -N(7R) 1.999( 5) 
Gd(1) -0(8R) 2.297( 4) Cu(2) -0(1W) 1.955( 5) 
Gd(1) -0(11N) 2.528( 5) Cu(3) -N(3R) 2.007( 5) 
Gd(1) -0(21N) 2.510( 5) Cu(3) -N(4R) 2.018( 5) 
Cu(1) -N(2R) 1.971( 5) Cu(3) -0(6R) 1.965( 4) 
Cu(1) -0(3k) 1.956( 4) Cu(3) -N(8R) 1.987( 5) 
b) Selected angles (°) with standard deviations. 
0(1R) -Gd(1) -0(3k) 	75.71(15) 
0(1R) -Gd(1) -0(4k) 10S.74(15) 
0(1k) -Gd(1) -0(5R) 	90.53(16) 
0(1R) -Gd(1) -0(7k) 	83.95(15) 
0(1k) -Gd(1) -0(8R) 161.03(15) 
0(1k) -Gd(1) -0(1W) 123.10(15) 
0(1R) -Gd(1) -0(21N) 72.68(15) 
0(3k) -Gd(1) -0(4k) 70.95(14) 
0(3R) -Gd(1) -0(5R) 136.75(15) 
0(3R) -Gd(1) -0(7R) 	61.20(13) 
0(3R) -Gd(1) -0(8k) 	90.29(14) 
0(3k) -Gd(1) -0(1W) 142.50(14) 
0(3R) -Gd(1) -0(21k) 127.78(14) 
0(4k) -Gd(1) -0(5k) 151.59(15) 
0(4R) -Gd(1) -0(7k) 127.04(14) 
0(4k) -Gd(1) -0(8R) 80.98(14) 
0(4k) -Gd(1) -0(11k) 72.60(14) 
0(4k) -Gd(1) -0(21N) 79.01(14) 
0(5k) -Gd(1) -0(7k) 	76.88(15) 
0(5k) -Gd(1) -0(8R) 	91.11(15) 
0(5k) -Gd(1) -0(11N) 78.90(15) 
0(5k) -Gd(1) -0(21N) 84.05(15) 
0(7k) -Gd(1) -0(8R) 78.04(14) 
0(7k) -Gd(1) -0(11k) 143.70(14) 
0(7k) -Gd(1) -0(21k) 
0(8k) -Gd(1) -0(11N) 
0(8k) -Gd(1) -0(21N) 
0(11N)-Gd(1) -0(21k) 
N(2R) -Cu(1) -0(3k) 
N(2R) -Cu(1) -N(6k) 
N(2R) -Cu(1) -0(IR) 
0(3R) -Cu(1) -N(6R) 
0(3R) -Cu(1) -0(7k) 
N(6R) -Cu(1) -0(7k) 
N(1R) -Cu(2) -0(2k) 
N(lk) -Cu(2) -N(7R) 
N(lk) -Cu(2) -0(1W) 
0(2R) -Cu(2) -14(7k) 
0(2k) -Cu(2) -0(1W) 
N(7k) -Cu(2) -0(1W) 
N(3R) -Cu(3) -N(4R) 
14(3k) -Cu(3) -0(6k) 
N(3k) -Cu(3) -N(8R) 
N(4R) -Cu(3) -0(6k) 
14(4k) -Cu(3) -14(8k) 
0(6k) -Cu(3) -N(8R) 
Gd(1) -0(3R) -Cu(1) 


























Table 3.4: Bond lengths and angles for (8). 
a) Selected bond lengths (A) with standard deviations. 
Dy(1) -0(1R) 2.239( 9) Cu(1) -N(6R) 1.969(10) 
Dy(1) -0(3R) 2.465( 8) Cu(1) -0(7R) 1.963( 	8) 
Dy(1) -0(4R) 2.263( 8) Cu(2) -N(1R) 1.948(11) 
Dy(l) -O(SR) 2.204( 9) Cu(2) -0(2R) 1.937( 	9) 
Dy(1) -0(7R) 2.469( 8) Cu(2) -N(7R) 1.992(11) 
Dy(1) -0(8R) 2.263( 9) Cu(2) -0(1W) 1.970(11) 
Dy(1) -0(11N) 2.520( 9) Cu(3) -N(3R) 1.998(10) 
Dy(l) -0(21N) 2.482( 9) Cu(3) -N(4R) 2.006(10) 
Cu(1) -N(2R) 1.974(10) Cu(3) -0(6R) 1.963( 	9) 
Cu(1) -0(3R) 1.961( 9) Cu(3) -N(8R) 1.989(10) 
b) Bond angles (°) with standard deviations. 
0(1R) -Dy(1) -0(3R) 75.3( 3) 0(7R) -Dy(1) -0(21N) 149.6( 3) 
0(1R) -Dy(l) -0(4R) 105.8( 3) 0(8R) -Dy(1) -0(11N) 75.O( 3) 
0(1R) -Dy(1) -0(5R) 89.8( 3) 0(8R) -Dy(1) -0(21N) 125.7( 3) 
O(1R) -Dy(1) -0(7R) 83.3(3) 0(11N)-Dy(1) -0(21N) 51.0(  
0(1R) -Dy(1) -0(8R) 161.1( 3) N(2R) -Cu(1) -0(3R) 161.0(  
0(1R) -Dy(1) -0(11N) 123.7( 3) N(2R) -Cu(1) -N(6R) 9S.4( 4) 
O(1R) -Dy(1) -0(21N) 73.2( 3) N(2R) -Cu(1) -0(7R) 96.2( 4) 
0(3R) -Dy(1) -0(4R) 71.0( 3) 0(3R) -Cu(1) -N(6R) 92.9( 4) 
0(3R) -Dy(1) -0(5R) 137.4( 3) 0(3R) -Cu(1) -0(7R) 80.6(  
0(3R) -Dy(1) -0(7R) 61.9( 3) N(6R) -Cu(1) -0(7R) 161.3(  
0(3R) -Dy(1) -0(8R) 90.9( 3) N(1R) -Cu(2) -0(2R) 88.1( 4) 
0(3R) -Dy(1) -0(I1N) 142.4( 3) N(1R) -Cu(2) -N(7R) 170.0(  
0(3R) -Dy(1) -0(21N) 127.0( 3) N(1R) -Cu(2) -0(1W) 91.5( 4) 
0(4R) -Dy(1) -0(5R) 151.2( 3) 0(2R) -Cu(2) -N(7R) 92.0( 4) 
0(4R) -Dy(1) -0(7R) 127.9( 3) 0(2R) -Cu(2) -0(1W) 171.0( 4) 
0(4R) -Dy(1) -0(8R) 81.0( 3) N(7R) -Cu(2) -0(1W) 90.0( 4) 
0(4R) -Dy(1) -0(11N) 72.4( 3) N(3R) -Cu(3) -NOR) 91.0( 4) 
0(4R) -Dy(1) -0(21N) 78.1( 3) N(3R) -Cu(3) -0(6R) 88.2( 4) 
0(5R) -Dy(1) -0(7R) 77.0( 3) N(3R) -Cu(3) -N(8R) 168.7( 4) 
0(SR) -Dy(l) -0(8R) 92.0( 3) N(4R) -Cu(3) -0(6R) 178.5( 4) 
O(SR) -Dy(1) -0(11N) 78.7( 3) N(4R) -Cu(3) -N(8R) 96.7( 4) 
0(SR) -Dy(1) -0(21N) 83.7( 3) 0(6R) -Cu(3) -N(8R) 84.2( 4) 
0(7R) -Dy(1) -0(8R) 78.8( 3) Dy(1) -0(7R) -Cu(1) 108.6( 4) 
0(7R) -Dy(1) -0(11N) 143.4( 3) Dy(1) -0(3R) -Cu(1) 108.9( 4) 
Table 3.5: Selected bond lengths and angles for (9). 
a) Selected bond lengths (A) with standard deviations. 
Er(1) -O(1R) 2.219( 7) Cu(1) -N(6R) 1.992( 8) 
Er(1) -0(3R) 2.418( 7)  -0(7R) 1.947( 7) 
Er(1) -0(4R) 2.253( 7)  -N(1R) 1.962( 9) 
Er(1) -0(5R) 2.185( 7) Cu(2) -0(2R) 1.933( 7) 
Er(I) -0(7R) 2.462( 7) Cu(2) -N(7R) 1.982( 9) 
Er(1) -0(8R) 2.263( 7) Cu(2) -0(1W) 1.949( 8) 
Er(1) -0(11N) 2.500( 7) Cu(3) -NOR) 1.990( 9) 
Er(1) -0(21N) 2.471( 8) Cu(3) -N(4R) 2.004( 9) 
Cu(1) -N(2R) 1.968( 9) Cu(3) -0(6R) 1.964( 7) 
Cu(1) -0(3R) 1.971( 7) Cu(3) -N(8R) 1.969( 9) 
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b) Selected angles () with standard deviations. 
O(1R) -Er(1) -0(3R) 
0(1R) -Er(1) -0(4R) 
0(1R) -Er(1) -0(SR) 
O(1R) -Er(1) -0(7R) 
0(1R) -Er(1) -0(8R) 
0(1R) -Er(1) -0(11N) 
O(1R) -Er(1) -0(21N) 
0(3R) -Er(1) -0(4R) 
0(3R) -Er(1) -0(5R) 
0(3R) -Er(1) -0(7R) 
O(3R) -Er(1) -0(8R) 
0(3R) -Er(1) -0(11N) 
0(3R) -Er(1) -0(21N) 
0(4R) -Er(1) -0(SR) 
0(4R) -Er(1) -0(7R) 
O(4R) -Er(1) -0(8R) 
0(4R) -Er(1) -0(11N) 
0(4R) -Er(1) -0(21N) 
0(5R) -Er(1) -0(7R) 
0(5R) -Er(1) -0(8R) 
O(SR) -Er(1) -O(11N) 
O(5R) -Er(1) -0(21N) 
0(711) -Br(1) -0(8R) 

























0(7R) -Er(1) -0(21N) 150.13(24) 
0(8R) -Er(1) -0(1114) 74.83(24) 
0(8R) -Er(1) -0(21N) 126.25(25) 
0(11N)-Er(1) -0(21N) 51.85(24) 
N(2R) -Cu(1) -0(3R) 160.8( 3) 
14(211) -Cu(1) -N(6R) 	95.9( 3) 
N(2R) -Cu(1) -0(711) 	96.3( 3) 
0(311) -Cu(1) -N(6R) 	93.2( 3) 
0(3R) -Cu(1) -0(711) 	79.7( 3) 
N(6R) -Cu(1) -0(711) 161.2( 3) 
14(111) -Cu(2) -0(2R) 	89.3( 3) 
N(1R) -Cu(2) -N(7R) 170.1( 4) 
N(IR) -Cu(2) -0(1W) 	91.4( 3) 
0(211) -Cu(2) -14(711) 	91.9( 3) 
0(2R) -Cu(2) -0(1W) 169.8( 3) 
N(7R) -Cu(2) -0(1W) 	89.1(3) 
14(311) -Cu(3) -14(411) 	90.3( 4) 
N(3R) -Cu(3) -0(6R) 	88.5( 3) 
14(311) -Cu(3) -N(8R) 	168.5( 4) 
N(4R) -Cu(!) -0(6R) 177.8( 3) 
N(4R) -Cu(3) -14(811) 	97.6( 4) 
0(6R) -Cu(3) -N(8R) 	84.0( 3) 
Er(1) -0(7R) -Cu(1) 108.8( 3) 
Er(1) -0(3R) -Cu(1) 109.6( 3) 
Although this structure [for (7), (8) and (9)] seemingly bears 
little resemblance to (6), the structure is also based on one lantha-
noid and three chemically distinct copper atoms, with a lanthanoid 
nitrate unit bound to a copper-pyridone framework. However the order-
ing in this structure is significantly different. Here the lanthanoid 
nitrate, which is only bound to one nitrate unit, is encapsulated on 
three sides by the copper pyridone framework, and thus is very much 
cocooned at the heart of (7), unlike the lanthanoid unit in (6) which 
is situated at the edge of the structure. 
Each of the three copper atoms in the 'copper framework' is 
four coordinate. Cu(1) is bound to two nitrogen donors and two 
oxygen donors (which both share their coordination with the lantha-
noid atom) from four pyridone rings. Cu(2) is bound to one oxygen and 
two nitrogen donors from three pyridone rings and to an oxygen from . a 
OH unit. [note: this hydroxide unit maybe equally well considered to 
be a OH  unit as it is likely that there is hydrogen bonding between 
this OH group and a protonated pyridone ring bound to the 
lanthanoid.] Cu(3) is bound to one oxygen and three nitrogen donors 
from pyridone ligands. All the copper environments are distorted 
square planar, Cu(1) has a cis arrangement of its 2N 20 donor set 
while Cu(2) has a trans configuration of its donor set. 
The distortion from square planar at Cu(1) is the most evident 
in a twist between the O-Cu-O plane and the N-Cu-N plane of 25.1° 
[24.9° for (8) and 24.8° for (9)] and a compression in the O-Cu-O 
angles to 80.1(2)° [80.6(3)° and 79.7(3)° for (8) and (9) respective-
ly]. Cu(2) is much less distorted with the four cis angles of the 
square planar being all within three degrees of 90°. The main distor-
tion in Cu(2) is a ligand twist from planar between the N(lr)-Cu(2)-
0(1w) and 0(2r)-Cu(2)-N(7r) planes of 13.3° [13.2° for (8) and 14.2° 
for (9)]. The coordination set around Cu(3) is the most planar of the 
three copper environments, with a ligand twist of 8.3° (8.3° for (8) 
and 8.6° for (9)), here the ligand twist is defined as the angles 
between the N(4r)-Cu(3)-N(8r) and 0(6r)-Cu(3)-N(3r) planes. The major 
distortion at Cu(3) are angles of 97.06(20)° between N(4r) and N(8r) 
and 83.55(19)° between 0(6r) and N(8r) [96.7(4)°, 84.2(4)° and 
97.6(4)°, 84.0(3)° for (8) and (9) respectively]. 
In contrast to (6) the Cu-0 distances in (7), (8) and (9) are 
much more consistent at 1.933(7)A [Cu(2)-0(2r) in (9)] to 1.971(7)A 
[Cu(1)-0(3r) in (9), c.f. to a Cu-0 range 1.899(3) to 2.246(3)A in 
(6)]. The shortest Cu-0 contacts (1.933(7) to 1.939(4) A) are from 
the mononucleating oxygen of a pyridone ring [0(2r)] to Cu(2). These 
short Cu-0 contacts are of the similar order as the Cu-O(pyridone) 
distances observed for the copper complexes with this ligand (1), (2) 
and (3) (Cu-0 range = 1.913(5) to 1.944(5)A). The other Cu-O(g 1 ) 
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distances are longer at 1.963(9) to 1.965(4)A which are more of the 
order of the Cu-0 distances observed for the copper complexes with 
the unsubstituted 78 and the alkyl substituted' 03  complexes (av. 1.96 
A). The longest Cu-0 distances of 1.947(7)-1.971(7)A are from Cu(1) 
to the 9 2-O(pyridone) that constitute part of the CuLnO 2 ring. These 
long Cu-0 distances are comparable to the Cu(2)-O(9 2) distances in 
(6) (which form part of the LaCuO 2 ring in (6)). The Cu-O(hydroxyl) 
distances vary between 1.949(8) to 1.970(11)A for the three Struc-
tures. 
The Cu-N distances vary between 1.968(9) A [Cu(l)-N(2r) (9)] to 
2.018(5) A [Cu(3)-N(4r) (7)] are well within the range for Cu-N 
distances observed for (6). 
The lanthanoid atom is eight coordinate bound to one bidentate 
nitrate from a pendant oxygen atom of a protonated pyridone ligand 
and five oxygens of pyridone rings to the Cu-pyridone framework. 
Three of these five pyridones are mononucl eating while the other two 
are binucleating [being shared with Cu(1)]. The coordination geometry 
of the lanthanoid atom is very distorted and is best described as 
based on a dodecahedron. The Ln-O distances vary from 2.185(7)A 
[Er(1)-0(5r)] to 2.528(5)A [Gd(1)-O(lln)]. There is a noticeable 
shrinkage in the equivalent Ln-O distances going from Gd to Dy to Er 
as might be expected as the ionic radii of the lanthanoid ion de-
creases (1.08, 1.05 and 1.03 A for six coordinate Gd 3 ,Dy 3 and Er 31  
respectively ' 24). For example the Ln-O(lr) distance decreases from 
2.270(4)A for (7) to 2.239(9)A for (8) and to 2.219(7)A for (9). As 
with (6), the Ln-O distances can be categorised in three groups. 
Firstly the shortest contacts, which are between Ln and the monoden-
tate oxygens from pyridone rings, are 2.239(4)-2.297(4), 2.204(9)-
2.263(9) and 2.185(7)-2.263(7)A for Ln = Gd, Dy and Er respectively, 
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in each case the shortest Ln-O distance being to the protonated 
ligand [0(5r)]. Secondly the Ln-O distances to the t 2-oxygens [0(3r) 
and 0(7r)J, are slightly longer than the Ln-O(p 1 ) contacts, at an 
average of 2.47A for Gd, 2.46A for Dy and 2.44 A for Ln = Er. Finally 
the Ln-O(nitrate) constitute the longest contacts at an average of 
2.52, 2.50 and 2.49 A for Gd, Dy and Er respectively. 
The molecule contains eight 6-chloro-pyridone ligands two of 
which are trinucleating, five are binucleating, while the eighth is 
protonated and coordinated only to the lanthanoid. The two tn-
nucleating ligands have their oxygens bridging Cu(1) and Ln(1) 
forming a LnCuO 2 ring motif. One of these two rings has its nitrogen 
bound to Cu(2) while the other ring is bound to Cu(3) via its N 
donor. In this manner these two rings (rings 7 and 3) behave in an 
identical fashion to the two trinucleating rings in (6). Of the five 
binucleating ligands three are involved in bridging the lanthanoid 
atoms to copper atoms [one to Cu(2) and two to Cu(3)]. The two re-
maining bidentate ligands, which are not involved in bridging to the 
lanthanoid, bridge Cu(l) to Cu(2) in one case and Cu(l) to Cu(3) in 
the other. There also seems to be hydrogen bonding between the proto-
nated ligand bound to the lanthanoid atom and the hydroxyl group 
bound to Cu(2) (N(5r)-O(lw) = 2.715(8)A, 2.671(15)A and 2.666(12)A 
for (7), (8) and (9) respectively). 
The four metal atoms are (within error) planar, the inter-
metallic contacts and bridging between metals are given in table 3.6. 
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Table 3.6: Inter-Metallic Contacts for CLL LL81 and 2I1. 
metal atom 	Cu(3) 
Ln=Gd(1)a 	3.743(3.732,3.736) 













a: Values for Ln = Dy and Er are given in parenthesis (Dy,Er) 
Bond lengths are in A with average esds 0.001 A (0.002,0.002) 
where: 2-LCl = Binucleating pyridone ring. 
3-LCl = Trinucleating pyridone ring. 
O(pyr) = Oxygen from a pyridone ring. 
O(Me) = Oxygen from a methoxy group. 
The 	mechanism of 	the reaction is 	unclear 	but, 	unlike (6), 
methanol 	does 	not 	play an important role 	within 	the 	structure, only 
being 	bound 	as 	a 	half weight methoxide unit 	attached 	to 	Cu(2) 	in (9) 
(along with a half weight hydroxide). 
The structure bears no 	resemblance 	to (1), 	indeed structurally 
it 	seems closer 	to (5) 	the hexanuclear 	copper complex 	(with 6-methyl- 
pyridone), with 	half of 	the Cu6(LMe) 12 	ring relating 	to 	the Cu3 (LC1) 6 
framework and 	the central Na 	in 	(5) 	related to 	the 	lanthanoid bound 
to five oxygens from the Cu-pyridone framework. Indeed ignoring rings 
4 and 5 and the nitrate unit the molecule is iso-structural with the 
'half hexamer' [Cu 3 (LMe)6Na], see figure 3.4. 
94 
Figure 3.4 Comparison between (7) (inverted) and (5). 
Tnverted structure of (7L 
St ructur 




The packing of (7), (8) and (9) (figure 3.5) within the crystal 
lattice results in several short intermolecular contacts. The 
closest interaction being between chlorine atoms at 3.313(4) and 
3.366(4)A for (7) [3.309(6), 3.335(6)A for (8); 3.320(6), 3.366(6)A 
for (9)]. There is also an inter-molecular ring-ring contact of 
3.854(9)A for (7) [3.84(2) for (8) and 3.87(2)A for (9)]. 
Figure 3.5 Molecular Packing of GdCu3 (LC1)7(NO3)(OH)(HLC1) 
Hatched lines denote close CI-Cl intermolecular contacts. 
3.2.3 Structure of Xk22(LCfl4LNQ314(MeO')2(MeOH4  (llfl. 
To the dichloromethane solution of Cu 2 (LC1) 4 was added a solu-
tion of ytterbium nitrate in methanol. The initial red colour in 
dichioromethane rapidly turned to a light green colour on addition of 
this lanthanoid solution. This pale green mixed CH 2 C1 2 / MeOH solu-
tion was evaporated to dryness and the residue recrystallised by 
diffusion of ether into a methanol solution of the crude product to 
yield light green crystals of a suitable quality for X-ray analysis. 
The subsequent analysis revealed a mixed copper ytterbium complex 
with a stoichiometry of Yb 2Cu 2(LC1) 4(NO3 ) 4(MeO) 2 (MeOH) 4. Figure 3.6 
shows the two molecules of (10) found within the asymmetric unit, 
tables of selected bond lengths and angles are given in table 3.7. 




Table 3.7 Bond lengths and angles for (10). 
a) Selected bond lengths(A) with standard deviations. 
Yb(l) -0(11N) 2.420( 8) Yb(2) -0(13N) 2.364( 8) 
Yb(l) -0(21N) 2.379( 8) Yb(2) -0(23N) 2.378(  
Yb(1) -0(12N) 2.388( 8) Yb(2) -0(14N) 2.434(  
Yb(1) -0(22N) 2.380( 7) Yb(2) -0(24H) 2.366( 9) 
Yb(1) -O(1M) 2.322( 8) Yb(2) -0(4M) 2.309(  
Yb(1) -0(2M) 2.291( 7) Yb(2) -0(5M) 2.297(  
Yb(1) -O(1R) 2.179( 7) Yb(2) -0(3R) 2.189( 7) 
Yb(1) -0(2R) 2.192( 7) Yb(2) -0(4R) 2.183( 7) 
Cu(1) -0(3M) 1.943( 6) Cu(2) -0(6M) 1.947( 7) 
Cu(1) -N(1R) 1.965( 8) Cu(2) -N(4R) 1.983( 8) 
Cu(1) -Cu(1A) 2.9438(17) Cu(2) -Cu(2A) 2.9352(17) 
Cu(1) -0(3MA) 1.959( 6) Cu(2) -0(6MA) 1.953( 7) 
Cu(1) -N(2RA) 1.991( 8) Cu(2) -N(3RA) 1.965( 9) 
b) Selected angles (°) with standard deviations. 
0(11N)-Yb(1) -0(21N) 53.7( 3) 0(13N)-Yb(2) -0(23N) 54.1( 3) 
0(11N)-Yb(1) -0(12N) 115.9( 3) - 	 0(13N)-Yb(2) -0(1414) 12S.9( 3) 
0(11N)-Yb(1) -0(22N) 125.6( 3) 0(13N)-Yb(2) -0(2414) 74.0( 3) 
0(11N)-Yb(1) -0(1M) 76.7( 3) 0(13N)-Yb(2) -0(4M) 127.9( 3) 
O(11N)-Yb(1) -0(2M) 75.7( 3) 0(1314)-Yb(2) -O(5M) 144.3( 3) 
O(11N)-Yb(1) -O(1R) 84.1( 3) 0(13N)-Yb(2) -0(3R) 81.2( 3) 
O(11N)-Yb(1) -0(2R) 152.1( 3) 0(13N)-Yb(2) -0(4R) 77.6( 3) 
0(21N)-Yb(1) -0(12N) 74.6( 3) 0(23N)-Yb(2) -0(14N) 115.8( 3) 
0(21N)-Yb(1) -0(22N) 73.9( 3) 0(23N)-Yb(2) -0(2414) 75.5( 3) 
0(21N)-Yb(1) -0(1M) 96.8( 3) 0(2314)-Yb(2) -0(4M) 73.7( 3) 
0(21N)-Yb(1) -0(2M) 128.4( 3) 0(23N)-Yb(2) -0(5M) 147.7( 3) 
0(21N)-Yb(1) -O(1R) 87.3( 3) 0(23N)-Yb(2) -0(3R) 83.1( 3) 
0(21N)-Yb(1) -0(2R) 154.1( 3) 0(23N)-Yb(2) -0(4R) 131.4( 3) 
0(12N)-Yb(1) -0(2214) 53.3( 3) 0(14N)-Yb(2) -0(2414) 53.8( 3) 
0(12N)-Yb(1) -0(1M) 74.6( 3) 0(14N)-Yb(2) -0(4M) 74.8( 3) 
0(1214)-Yb(1) -0(2M) 146.9( 3) 0(14N)-Yb(2) -0(5M) 76.4( 3) 
0(12N)-Yb(1) -0(1R) 132.4( 3) 0(14N)-Yb(2) -0(3R) 152.3( 3) 
0(1214)-Yb(1) -0(2R) 84.3( 3) 0(14N)-Yb(2) -0(4R) 85.7( 3) 
0(22N)-Yb(1) -0(1M) 127.9( 3) 0(24N)-Yb(2) -0(4M) 95.3( 3) 
0(2214)-Yb(1) -0(2M) 146.S( 3) 0(2414)-Yb(2) -0(SM) 128.5( 3) 
0(2214)-Yb(1) -0(1R) 79.5( 3) 0(24N)-Yb(2) -0(3R) 153.7( 3) 
0(22N)-Yb(1) -0(2R) 81.5( 3) 0(2414)-Yb(2) -0(4R) 86.6( 3) 
0(1M) -Yb(1) -0(2M) 78.8( 3) 0(4M) -Yb(2) -0(5M) 81.9( 3) 
O(1M) -Yb(1) -0(1R) 152.3( 3) 0(4M) -Yb(2) -0(3R) 93.1( 3) 
0(1M) -Yb(1) -0(2R) 91.8( 3) 0(4M) -Yb(2) -0(4R) 154.0( 3) 
0(2M) -Yb(1) -0(1R) 77.3( 3) 0(5M) -Yb(2) -0(3R) 77.4( 3) 
0(2M) -Yb(1) -0(2R) 77.2( 3) 0(5M) -Yb(2) -0(4R) 76.8( 3) 
0(IR) -Yb(1) -0(2R) 96.3( 3) 0(3R) -Yb(2) -0(4R) 96.6( 3) 
0(3M) -Cu(1) -N(1R) 96.9( 3) 0(6M) -Cu(2) -N(4R) 97.8( 3) 
0(3M) -Cu(1) -Cu(LA) 41.24(19) 0(6M) -Cu(2) -Cu(2A) 41.26(20) 
0(3M) -Cu(1) -0(3MA) 82.1( 3) 0(6M) -Cu(2) -0(6MA) 82.4( 3) 
0(3M) -Cu(1) -N(2RA) 151.5( 3) 0(6M) -Cu(2) -N(3RA) 150.4( 3) 
N(1R) -Cu(1) -Cu(1A) 131.19(24) N(4R) -Cu(2) -Cu(2A) 131.51(25) 
N(IR) 	-Cu(1) -0(31AA) 150.4( 3) N(4R) -Cu(2) -0(6MA) 149.4(  
N(1R) -Cu(1) -N(2RA) 97.5( 3) N(4R) -Cu(2) -N(3RA) 98.5(  
Cu(1A)-Cu(1) -0(3MA) 40.83(19) Cu(2A)-Cu(2) -0(6MA) 41.10(19) 
Cu(1A)-Cu(1) -N(2RA) 131.34(25) Cu(2A)-Cu(2) -N(3RA) 130.0( 3) 
0(3MA)-Cu(1) -N(2RA) 96.9( 3) 0(6MA)-Cu(2) -N(3RA) 95.6( 3) 
Atoms with the postscript A' are related to their equialents by the 
symmetry 
operation (-x, -y, -z ). 
This mixed d-f block complex contrasts considerably with the 
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This mixed d-f block complex contrasts considerably with the 
previous structures (6) - (9) observed for the reaction of lanthanoid 
nitrate in methanol with Cu 2 (LC1) 4 (1) in dichioromethane. In this 
complex the structure has two copper and two lanthanoid atoms and is 
centro symmetric. The two lanthanoid units [Yb(NO 3 ) 2 (MeOH) 2] are 
situated at either end of the structure sandwiching a copper-pyridone 
[Cu 2(LC1) 4 (Me O) 2] mid-section centred around a Cu 2 (OMe) 2 ring. At the 
centre of this Cu 2 (OMe) 2 ring there lies a crystallographic inversion 
centre which relates the two coppers, and the two ytterbium nitrate 
units, to each other. 
The copper environment is four coordinate bound to two N 
donors from two pyridone rings and two 0 donors from two deprotonated 
methanol units. The two 0 donors are binucleating with their coordi-
nation shared between Cu(1) and its symmetry equivalent Cu(la), thus 
giving rise to a cis arrangement of the two N two 0 donor set. Geome-
trically the coordination of the copper atom is very distorted lying 
some way between square planar and tetrahedral environments, with a 
ligand twist between the 0-Cu-0 and N-Cu-N planes being 40.2° and 
41.4° for molecules one and two respectively [i.e. almost exactly 
half way between square planar (ligand twist = 0°) and tetrahedral 
(ligand twist = 90°)]. The other distortion apparent at the Cu atom 
is a compression in the 0-Cu-0 angle to 82.1(3)° and 82.4(3)° (for 
molecules one and two respectively), such a compression is also 
observed in Cu 202 rings previously encountered [structures (2), (3) 
and (6)]. 
The Cu-0 bond lengths of 1.959(6) and 1.943(7)A for molecule 
one and at 1.953(7), 1.947(7)A for molecule two are noticeably longer 
than observed for Cu-0(alkoxide) in previous structures. For example 
in (2) Cu 4(LC1) 4 (Me O) 4 the Cu-0(methoxide) bond is around 1.91A and 
for [HgCu(C 5 H 8NO) 2 (MeO)(NO 3 )] 2 11°  the Cu-O(methoxide) distance is 
circa 1.90A. The Cu-N bond lengths of 1.965(8) and 1.991(8)A 
(1.965(9), 1.983(8)A for molecule two) are reasonably short, but are 
well within range of Cu-N distances observed with this ligand [for 
structures (1) to (3) and (6) to (9) the Cu-N bond lengths vary from 
1.960(4) to 2.053(6)A]. 
The ytterbium atom is eight coordinate bound to two bidentate 
nitrates and two solvent molecules of methanol and finally to two 
mononucleating oxygens of pyridone rings. Its coordination geometry 
can be regarded as a distorted dodecahedron. The Yb-O distances vary 
from 2.179(7)A [Yb(1)-O(lr)] to 2.434(9)A [for Yb(2) to 0(14n)]. The 
Yb-O contacts fall into three groups. As with the structures (6) to 
the longest Ln-O distances are to oxygens from nitrate groups 
[Yb-O(nitrate) = 2.364(8) to 2.434(9)A] and the shortest are to 
oxygens from mononucleating pyridone rings, here the Yb-O(t 1 ,pyri-
done) contacts are at 2.179(7) to 2.192(7)A. The third group of Yb-O 
contacts, at intermediate bond lengths between 2.291(7) and 
2.322(8)A, involve coordination to molecules of methanol. 
This compound contains four LC1 ligands, each of which is 
binucleating binding to a copper atom via the ring nitrogen and to a 
ytterbium atom via the exo-cyclic oxygen. This contrast with (6) to 
which contain bi- and trinucleating pyridone ligands. The two 
copper atoms are bridged across the inversion centre by two 
gens from methoxide units, forming a Cu 202 ring which is reminiscent 
of the Cu 2 (OMe) 2 ring observed in (2) Cu 4 (LC1) 4 (Me O) 4 . Clearly metha-
nol plays a crucial role within (10) in forming this Cu 202 ring on 
which the structure is centred. There are six methanol or methanox-
ides in the molecule, three crystallographic ally unique, underlining 
the importance of methanol within the structure, being more numerous 
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than pyridone rings. One of the three methanol units (along with its 
symmetry equivalent) is deprotonated and bridges the copper atoms as 
mention above, the other two are bound to the lanthanoid atom. 
As the structure is centrosymmetric the two metal atoms and 
their symmetry equivalents comprise a parallelogram in projection, 
figure 3.7 shows a 'diamond' schematic for the four metal atoms 
giving inter-metallic contacts for (10). 
figure 3.7 'Diamond' Schematic for (10) giving inter-metallic con-
tacts. 




2.944 	 Yb(1') 
 0 
Cu(1') 
Bond lengths are in A, with average esds of 0.001A for Yb-Cu dis-
tances and 0.002A for Cu-Cu distances. 
This structure significantly differs from the other structures 
[(6) and (7) to (9)] obtained from the reaction of lanthanoid ni-
trates with (1) Cu 2 (LC1) 4 with methanol. There is no feature in (10) 
which is reminiscent of (1), however there is a resemblance to (2) 
Cu 4 (LC1) 4 (Me O) 4  the product from the reaction of (1) with methanol, 
especially considering the Cu 2(OMe)2 units observed in each. 
In the crystalline packing of (10) there are no short intermo-
lecular contacts, the closest inter molecular interaction arises from 
a Cl-Cl contact of 4.895A. 
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3.2.4 Reactions of Lanthanoid nitrates in MeOH with 	in 2-'2. 
The reactions of Cu 2 (LC1) 4 in dichioromethane with a series of 
lanthanoid nitrates (dissolved in methanol) results in the formation 
of three different structures. For La = Ln a highly asymmetric 
LaCu 3 (LC1) 5 (NO 3 ) 3 (MeO)(MeOH) 2 structure with distinct lanthanoid-
nitrate and copper-pyridone domains is obtained. With Ln = Gd, Dy and 
Er, the 'mid-late' lanthanoids a LnCu 3 (LC 1) 7 (NO 3)(OH)(HLC1) structure 
is revealed, where the lanthanoid unit is 'cupped' within the copper-
pyridone framework. Finally it is observed that for ytterbium nitrate 
in methanol, the reaction with (1) yields 
[YbCu(LC1) 2 (NO 3 ) 2 (MeO)(MeOH) 2 ] 2 where the two lanthano id- nitrate 
units sandwich a central copper-pyridone region centred on a 
Cu2(OMe)2 ring. 
The three structures (6), (7) [representative also for (8) and 
(9)] and (10) shown in figures 3.1, 3.3 and 3.5 respectively, seem-
ingly have little resemblance to each other. However there are some 
features that relate two or more of these three structures to each 
other. For example all three complexes are tetra-metallic with pyri-
done and nitrate ligands. Cu(1) of (6) is reminiscent of the copper 
environment in (10) being bridged by two pyridone rings to the lan-
thanoid atoms and bridged by two 2-oxygens to another copper atom 
[Cu(3)] thus forming part of a Cu 202 rings. The LnO 2 Cu ring motif 
observed in (6) [La(l), 0(5), Cu(2) and 0(2)] is also present in (7) 
[Gd(1), 0(3r), Cu(l) and 0(7r)], in both cases the oxygen atoms of 
ring motif are from two trinucleating pyridone ligands, which bridge 
the LnO 2Cu ring to both the remaining copper atoms in each of the 
structures. The four metal atoms in (7) and (10) are planar and 
approximately define a rhombus, with pyridone linkages along each of 
the edges and bridged across the short diagonal [Gd(1) to Cu(l) for 
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(7) and Cu(l) to Cu(la) for (10)1 by two binucleating oxygen atoms 
forming a M 2 0 2  ring. 
The role of methanol in (6), (7) and (10) varies considerably. 
For (10) there are six methanol derived units in the molecule (four 
MeOH and two Me0) outnumbering both the nitrate and pyridone ligands 
(both with four apiece for the molecule). Most importantly in (10) 
methanol (as methoxide units) plays a crucial role, exclusively 
bridging the two equivalent Cu atoms forming the Cu 2 (OMe) 2 ring on 
which the structure is centred. For (6) methanol also plays a signif-
icant role with three methanol derived units (two MeOH and two Me0) 
per molecule. Like (10) the most important of these is the methoxide 
unit, which bridges two copper atoms [Cu(l) and Cu(3)] forming a 
Cu 202  ring along with an oxygen from a pyridone ring. One of the two 
remaining methanol units in (6) forms part of the coordination envir-
onment of the five coordinate copper atom [Cu(3)], while the last 
MeOH unit in (6) and the remaining MeOH units in (10) are bound to 
the lanthanoid atom. The structures based on (7) have no coordinated 
methanol with the exception of (9) which has a half weight methanol 
unit bound to Cu(2) [thus (9) has a stoichiometry of 
ErCu3(LC1)7(NO3)(MeO)05(OH)05(HLC1)]. 
The reaction of (1) in CH 2 C1 2 with lanthanoid nitrates was also 
carried out for Ln = Ce, Nd, Sm and Eu, however the recrystallisation 
of the reaction products failed to yield crystals of a suitable 
quality for X-ray analysis. Single crystals were obtained from the 
reaction of (1) with Ce(NO 3 ) 3 .6H 2O, however crystal deterioration 
prevented a complete data set from being collected. From the data 
collected for this cerium product the unit cell was determined, and 
found to be very close to the unit cell observed for (6) (see table 
3.13), thus suggesting the two species have similar compositions. 
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Elemental analysis (table 3.12) for this cerium species, also sup-
ports that this product has a similar stoichiometry to (6) i.e. 
CeCu 3 (LC1) 5 (NO 3 ) 3 (MeO)(MeOH) 2. The reactions of (1) with 
Nd(NO 3 ) 3 .6H20, Sm(NO 3 ) 3 .6H 20 and Eu(NO 3 ) 3 .5H20 yielded at best only 
micro-crystalline products, elemental analysis (table 3.12) of these 
products however implies that the stoichiometry of the neodymium, 
samarium and europium products are comparable with (7), (8) and (9) 
i.e. LnCu3 (LC1)7(NO3)(OH)(HLC1). 
Also worth noting is that one of the recrystallisation batches 
for (8) also yielded a light green crystalline product along with 
the dark green product (characterised as (8)). The unit cell for the 
light green product was determined and found to be similar to the 
unit cell obtained for (10) (see table 3.13). This suggests that for 
the reaction of (1) with Dy(NO 3 ) 3 .5H 2 0 (and presumably Er nitrate as 
well as Er 31  is closer in size to Yb 31  in the lanthanoid series) the 
structure [DyCu(LC1) 2 (NO 3 ) 2 (MeO)(MeOH) 2 ] 2 is formed as a minor pro-
duct. 
The reactions of (1) (in CH 2 C1 2) with lanthanoid nitrate (in 
MeOH) for Ln = La, Gd, Dy and Yb were also performed using a one to 
one and a one to three lanthanoid to copper stoichiometry. The pro-
ducts (6), (7), (8) and (10), for Ln = La, Gd, Dy and Yb respective-
ly, were obtained for both the metal stoichiometries used (thes 
products were characterised by elemental analysis and infra-red 
spectroscopy). The stoichiometries reported in the experimental 
section (3.5. 1) are those which gave the highest yields. 
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3.3 Reaction of ff with La(N033 jj2Q in three different solvents. 
3.3.1 Reaction of £1. with La(NO 33 .6H 2O in ethanol, the Structure 
of LaCu3(LC1)7Q 3')(EtO 05(OH 03(HLCl) (II). 
As with methanol the addition of ethanol to (1) dissolved in 
dichloromethane results in a rapid colour change from red to green. 
The reaction of (1) in CH 2 C1 2 with La(NO 3 ) 3 dissolved in ethanol gave 
a dark green solution from which dark green crystals of a suitable 
quality for X-ray analysis were isolated upon recrystallisation. The 
subsequent X-ray analysis gave values for the unit cell which are 
very similar to the unit cell dimensions observed for (7) see table 
3.13. Indeed structural analysis revealed that this Cu-La complex 
(11) is very similar to (7) with only one structural difference 
between the two structures. This difference being that in (7) Cu(2) 
is bound to a H 2  0 unit, whereas Cu(2) in (11) is bound to an ethanol 
unit (half occupancy) and a H 2  0 unit (half occupancy) in the equiva- 
lent site. 	The 	rest 	of 	the structure (11) is 	iso-structural to 	(7) 
and thus 	(11) has a stoichiometry of 
LaCu 3 (LC1) 7 (NO 3)(EtO) 05 (OH ) 05 (HLC1) (figure, 3.8). Tables of selec-
ted bond lengths and angles are given in table 3.8. 
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Figure 3.8 Crystal Structure of 
LaCu3 (LC1)7 (NO3)(EtO)03(OH)03(HLC1) (11). 
Table 3.8 Bond lengths and angles for 
a: Selected bond lengths (A) with standard deviations. 
La(1) -O(1R) 2.387( 6) Cu(1) -N(6R) 1.998(7) 
La(1) -0(3R) 2.571( 5) -0(7R) 1.970( 6) 
La(1) -0(4R) 2.402( 5) -N(1R) 1.963(7) 
La(1) -0(5R) 2.357(7) Cu(2) -0(2R) 1.942(6) 
La(1) -0(7R) 2.598(5) Cu(2) -N(7R) 2.03(7) 
La(1) -0(8R) 2.403( 6) Cu(2) -O(1E) 1.955( 7) 
La(1) -0(11N) 2.606( 6) Cu(3) -N(3R) .2.029( 6) 
La(1) -0(21N) 2.620(7) Cu(3) -N(4R) 2.06(7) 
Cu(1) -N(2R) 1.981(6) Cu(3) -0(6R) 1.956( 5) 
Cu(1) -0(3R) 1.967( 5) Cu(3) -N(8R) 2.011(7) 
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b: Selected angles (°) with standard deviations. 
O(1R) -La(1) -0(3R) 	75.52(18) 
O(1R) -La(i) -0(4R) 107.32(19) 
O(1R) -La(1) -0(SR) 	90.48(22) 
0(1R) -La(1) -0(7R) 	82.32(19) 
0(1R) -La(1) -0(8R) 158.82(20) 
O(1R) -La(1) -0(11N) 123.72(19) 
0(1R) -La(1) -0(21N) 75.90(20) 
0(3R) -La(1) -0(4R) 69.30(17) 
0(3R) -La(1) -0(SR) 134.37(20) 
0(3R) -La(1) -0(7R) 	59.74(17) 
0(3R) -La(1) -0(8R) 	88.00(18) 
0(3R) -La(1) -0(1114) 142.42(17) 
0(3R) -La(1) -0(2114) 127.22(19) 
0(4R) -La(1) -0(SR) 154.54(21) 
0(4R) -La(1) -0(7R) 123.78(18) 
0(4R) -La(1) -0(8R) 78.26(19) 
0(4R) -La(1) -0(11N) 73.86(18) 
0(4R) -La(1) -0(2114) 78.32(19) 
0(SR) -La(1) -0(7R) 	75.63(20) 
0(SR) -La(1) -0(8R) 	91.75(21) 
0(5R) -La(1) -0(1114) 81.16(21) 
0(5R) -La(1) -0(2114) 88.93(22) 
0(7R) -La(1) -0(8R) 77.84(18) 
0(7R) -La(1) -0(1114) 145.27(18) 
0(7R) -La(1) -0(2114) 153.17(19) 
0(8R) -La(1) -0(1114) 77.42(19) 
0(8R) -La(1) -0(2114) 125.20(20) 
0(11N)-La(1) -0(21N) 48.60(19) 
N(2R) -Cu(1) -0(314) 159.54(25) 
N(2R) -Cu(1) -N(6R) 	95.1( 3) 
N(2R) -Cu(1) -0(7R) 	95.15(25) 
0(314) -Cu(1) -14(614) 	93.48(25) 
0(3R) -Cu(1) -0(714) 	81.67(22) 
N(6R) -Cu(1) -0(7R) 162.3( 3) 
N(IR) -Cu(2) -0(2R) 	88.0( 3) 
N(1R) -Cu(2) -N(7R) 171.2( 3) 
14(114) -Cu(2) -0(18) 	92.7( 3) 
0(214) -Cu(2) -14(714) 	92.2( 3) 
0(2R) -Cu(2) -0(1E) 170.8( 3) 
14(714) -Cu(2) -0(1E) 	88.5( 3) 
14(314) -Cu(3) -N(4R) 	91.9( 3) 
N(3R) -Cu(3) -0(614) 	87.69(24) 
14(314) -Cu(3) -14(814) 	168.5( 3) 
N(4R) -Cu(3) -0(6R) 178.4( 3) 
14(414) -Cu(3) -N(8R) 	97.2( 3) 
0(6R) -Cu(3) -N(8R) 	83.35(25) 
La(1) -0(3R) -Cu(1) 109.86(22) 
La(1) -0(7R) -Cu(1) 108.71(23) 
The three copper environments, which are, identical to (7), are 
four coordinate and have a distorted square planar geometry. Cu(1) 
which has a cis arrangement of its 2N 20 donor set, is the least 
planar of the Cu atoms with a ligand twist (between the 0-Cu-0 and N-
Cu-N planes) of 25.8° [c.f. 25.1 for (7)]. The other significant 
distortion at Cu(1) is a compression of the O-Cu-O angle to 
81.67(22)°. Cu(2) which has a trans configuration of its 2N 20 donor 
set is much less distorted, as in (7) the angles in the square plane 
all lie within three degrees of 90°. The ligand twist at Cu(2) 
[between the (N(lr)-Cu(2)-0(le) and N(7r)-Cu(2)-0(2r) planes] is 
comparable to (7) (13.3 0 ) at 12.8 0 . Cu(3) is the most planar of the 
copper atoms [as with (7)] with a mean deviation from the plane being 
0.068 A for the five atoms [Cu(3) plus its coordination sphere]. The 
main distortion for Cu(3) is similar to Cu(3) in (7) with angles of 
83.35(25)° and 97.23(3) 0 in the square plane. 
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The Cu-0 distances vary from 1.924(6)-1.970(6)A and follow a 
similar pattern to the Cu-0 vectors observed for (7), (8) and (9). As 
for these structures the shortest contact comes from 0(2r) the 4 1 
pyridone oxygen, and the longest from the 9 2 pyridone oxygens that 
form part of the LaO 2 Cu ring. The Cu-N vectors are comparable with 
the Cu-N distances seen for (7), (8) and (9). 
Like (7) the lanthanoid atom is eight coordinate which is 
slightly unusual [as a coordination number of nine or ten is more 
usually observed as with (6)] but not unprecedented e.g. 
La(acac) 3 (H 2 0) 2 is also eight coordinate ' 25 . The La-0 contacts again 
fall into three categories. Firstly the short La-0 distances which 
are from .t, pyridone oxygens at 2.356(7) to 2.403(6)A, secondly the 
intermediate contacts at 2.57 1(5) and 2.598(5)A from the 9 2 pyridone 
oxygens and finally the longest La-0 contacts of 2.606(6) and 
2.620(7)A from the bidentate nitrate ligand. These La-0 distances 
follow the trend observed in (7), (8) and (9) and are comparable to 
the La-0 distances observed in (6) [ave. La-0 contacts for: 
0(p. 1 ,pyridone) = 2.37A; O(J.t 2,pyridone) = 2.61A; O(nitrate) = 2.64A}. 
Hydrogen bonding between N(5r) and the non -pyridone oxygen 
bound to Cu(2) [O(le) in this case] also seems likely as is observed 
with (7), (8) and (9), with an N-O distance of 2.726(13)A and a 
Cu(2)-O(le)-N(5r) angle of 114.6(4)°. 
The lanthanum and the three copper atoms are planar and define 
an approximate rhombus with the inter-metallic distances (given in 
table 3.9) all slightly longer than the equivalent vectors in (7). 
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Table 3.9. Inter-Metallic Contacts f. (II). 
metal atom 	Cu(3) 	 Cu(2) 	 Cu(1) 




Intermetallic contacts for (7) (where Ln=Gd) are given in parenth-
esis. 
Bond lengths are in A with average esds 0.001 A. 
For this structure the solvent [ethanol for (11), methanol for 
(7)] play only a minor role within the structure in contrast to 	(6), 
the product from the analogous reaction to (11) performed in metha- 
nol. From this it would seem that depriving the reaction of (1) with 
La(NO3)3 .6H20 of methanol leads to this alternate structure forming. 
It appears that the mechanism for the reactions of (1) with 
!anthanoid nitrates (in MeOH and EtOH), first involves the dissocia-
tion of (1) by the alcohol (as observed and discussed in chapter 2.3) 
forming an intermediate 'dissociated Cu species' which subsequently 
reacts with the lanthanoid unit. The fact that the products are 
equivalent for the reaction where La = La in ethanol and for Ln = Gd, 
Dy and Er in methanol, suggest that the intermediate 'dissociated 
copper species' for ethanol and methanol are similar, as might be 
expected. 
3.3.2 The reaction of L1. with La(NO 33 .6H 2O in acetonitrile, the 
Structure of FCuLa(LCfl 4 Q3 (HLCfl1 2 (12. 
The reaction of (1) dissolved in dichloromethane with 
La(NO 3 ) 3 .6H 20 dissolved in acetonitrile did not result in a rapid 
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colour change. This reaction contrasts with the previous reactions in 
this chapter where the lanthanoid salt has been dissolved in methanol 
or ethanol and an immediate colour change to green is observed [the 
addition of acetonitrile to (1) does not cause dissociation (see 
chapter 2.3)]. The reaction solution of MeCN/CH 2 C1 2 slowly decolour-
izes, from red to a pale brown-green. The product was allowed to 
stand over a period of a year and a very small quantity of green 
crystals of a suitable quality for x-ray analysis formed. The subse-
quent structural analysis revealed a mixed Cu La complex with the 
stoichiometry [CuLa(LC1) 4(NO 3 )(HLC1)] 2 (figure 3.9). Tables of selec-
ted bond lengths and angles are given in table 3.10. 
Figure 3.9 Crystal structure of [LaCu(LC1) 4(NO3)(HLC1)]2  (12). 
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Table 3 . 10 Bond length and angles for (12). 
a: Selected bond lengths (A) with standard deviations. 
La(1) -0(4R) 2.368( 6) La(1) -0(1R) 2.464( 6) 
La(1) -0(3R) 2.480( 6) La(1) -0(2R) 2.534( 6) 
La(1) -0(21K) 2.606( 7) La(1) -0(11N) 2.632(  
La(1) -0(5R) 2.641( 6) La(1) -N(SR) 2.765(  
La(1) -0(2RA) 2.SS1( 6) Cu(1) -N(2R) 2.016( 7) 
Cu(1) -N(1R) 2.014( 8) Cu(1) -N(4R) 2.017( 8) 
Cu(1) -0(SR) 1.991( 6) 
b: Selected angles (°) with standard deviations. 
0(4R) -La(1) -0(1R) 	73.3( 2) 
0(1R) -La(1) -0(3R) 76.6( 2) 
0(3R) -La(1) -0(2R) 	73.1( 2) 
0(1R) -La(1) -0(21K) 85.8( 2) 
0(2R) -La(1) -0(21K) 139.7( 2) 
0(1R) -La(1) -0(11K) 72.7( 2) 
0(2R) -La(1) -0(11K) 144.2( 2) 
0(4R) -La(1) -0(SR) 135.5( 2) 
0(3R) -La(1) -0(5R) 	74.6( 2) 
0(21N)-La(j) -0(SR) 80.0( 2) 
0(4R) -La(1) -N(SR) 	98.9( 2) 
0(3R) -La(1) -N(5R) 114.5( 2) 
0(21N)-La(1) -N(SR) 	70.2( 3) 
0(SR) -La(1) -N(SR) 49.7( 2) 
0(2RA)-La(1) -0(1R) 129.6( 2) 
0(2RA)-La(1) -0(2R) 65.0( 2) 
0(2RA)-La(1) -0(11K) 133.2( 2) 
0(2RA)-La(1) -0(5R) 68.3( 2) 
N(2R) -Cu(1) -N(4R) 169.6( 3) 
0(SR) -Cu(1) -N(1R) 173.S( 3) 
0(SR) -Cu(1) -N(4R) 88.9( 3) 
La(1) -0(SR) -Cu(1A) 114.1( 3) 
0(4R) -La(1) -0(3R) 146.3( 2) 
0(1R) -La(1) -0(2R) 73.6( 2) 
0(4R) -La(1) -0(21K) 122.9( 2) 
0(3R) -La(1) -0(21N) 68.6( 2) 
0(4R) -La(1) -0(11K) 75.0( 2) 
0(3R) -La(1) -0(11K) 110.0( 2) 
0(21N)-La(1) -0(11K) 48.0( 2) 
O(1R) -La(1) -0(5R) 1SO.9( 2) 
0(2R) -La(1) -0(SR) 101.7( 2) 
0(11N)-La(1) -0(SR) 113.7( 2) 
0(1R) -La(1) -N(SR) 143.5( 2) 
0(2R) -La(1) -N(SR) 140.1( 2) 
0(11N)-La(1) -N(SR) 	72.9( 2) 
0(2RA)-La(1) -0(4R) 75.0( 2) 
0(2RA)-La(1) -0(3R) 11S.0( 2) 
0(2RA)-La(1) -0(21K) 144.7( 2) 
0(2RA)-La(1) -N(SR) 	77.3( 2) 
N(2R) -Cu(1) -N(1R) 90.0( 3) 
N(1R) -Cu(1) -N(4R) 	93.6( 3) 
0(5R) -Cu(1) -N(2R) 88.5( 3) 
La(1) -0(2R) -La(1A) 115.0( 2) 
Atoms with the postscript 'A' are related to their equialents by the 
symmetry operation (-x, -y, -z). 
The structure is centrosymmetic based on two equivalent La and 
two equivalent Cu atoms. The two Cu-pyridone units [Cu(LC1) 4 ] lie 
either 	side 	of a 	central lanthanoid 	region, 	where 	the two 
La(NO 3)(HLC1) units are situated bridged by two 9 2-oxygens from 
pyridone rings. 
The copper which is four coordinate with a square planar geo-
metry is bound to one oxygen and three nitrogen donors from four 
pyridone rings. The square planar coordination geometry of the copper 
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atom is slightly distorted, with a ligand twist of 12 . 00 between the 
N(lr)-Cu(l)-N(2r) and the N(4r)-Cu(1)-0(5ra) planes. The cis angles 
between adjacent donor atoms around the copper define a reasonable 
square plane, all lying within 4° of the ideal (90°). The Cu-O bond, 
to a binucleating pyridone oxygen which is also bound to the La atom, 
is long at 1.991(6)A. This long Cu-O contact is noticeably longer 
than previously observed between a Cu and an 0 atom in this environ-
ment (Cu(2)-0(5), Cu(2)-(02) in (6) at 1.962(3) and 1.954(3) A re-
spectively and Cu(1)-0(5r), Cu(1)-0(7r) in (7) at 1.956(4) and 
1.959(4)A respectively). The Cu-N contacts, which are equivalent 
within error at 2.016(10)A, are consistent with previous Cu-N con-
tacts observed for this ligand [structures (1) to (3) and (6) to 
(11)]. 
The La atom which has a completely irregular geometry is nine 
coordinate bound to one nitrogen and eight oxygen donors. The eight 
oxygen atoms bound to La are comprised of two from a bidentate ni-
trate unit, three from mononucleating pyridone oxygens and three from 
binucleating pyridone oxygens. Two of the three monodentate pyridone 
oxygens [(O(lr) and 0(4r)] are from bidentate ligands bridging to 
Cu(1), the third is to a protonated ligand (03r) only bound to the 
lanthanoid atom. Of the three 9 2 pyridone oxygens bound to La(1) one 
[0(5r)] bridges La(1) to the symmetry related copper atom [Cu(la)] 
while the other two [O(2r) and 0(2ra)] bridge La(1) across the inver-
sion centre to La(la), the symmetry related lanthanum position, thus 
forming a La 20 2 ring. The nitrogen (N5r) bound to the lanthanoid atom 
comes from a tridentate ligand, being bidentate to La(1) [bound by 
both N(5r) and 0(5r)] and monodentate [via 0(5r)] to Cu(la). This 
La(1)-N(5r) contact is the first example of a ring nitrogen from a 
pyridone ligand being bound to an f-block element. 
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The La-0 distances vary from 2.368(6)A [0(4r)] to 2.641(6)A 
[0(5r)] and apart from this longest contact the Ln-O distances fall 
into three groups (in a similar manner to the previous structures in 
this chapter). Firstly the long La-0 contacts are to the nitrate 
oxygens at 2.606(7) and 2.632(7)A, secondly the intermediate dis-
tances at 2.55 1(6) and 2.534(6)A to the 9 2 pyridone oxygens that form 
part of the La 20 2 ring and finally to the p 1 pyridone oxygens that 
comprise the shortest La-0 contacts at 2.368(6) to 2.480(6)A. These 
La-0 distances are comparable to the La-0 distances observed in (6) 
and (11), e.g. for (11) the approximate La-0 contacts for: 
0(t 1 ,pyridone) is 2.37A; 0(9 2 ,pyridone) is 2.58A; O(nitrate) is 
2.61A. The bonds between La and the chelating pyridone ring (ring 
r5), constitute the longest contacts in the coordination sphere of 
La. The La-0(5r), which is a 9 2 pyridone oxygen, distance is 
2.641(6)A is the longest La-0 contact while the La-N distance is 
longer still at 2.765(8)A. 
There are five cry stall ographically unique pyridone units in 
(12), one monodentate HLC1 unit bound only to the lanthanum atom and 
four LC1 units which exhibit three different types of bonding modes. 
Two of the rings (rings ir and 4r) are binucleating and bidentate, 
bound via their nitrogen donors [N(lr) and N(4r)] to Cu(1) and bound 
via their oxygen donors [O(lr) and 0(4r)] to La(1). The third LC1 
unit (ring 2r) is trinucleating binding to Cu(l) through its nitro-
gen donor (N2r) and bridging the two symmetrically related La atoms 
via its oxygen donor [0(2r)], thus forming part of a La 202 ring. The 
fourth LC1 unit (ring 5r) shows a new mode of bonding interaction 
for these mixed-metal compounds, with the oxygen donor [0(5r)] being 
binucleating between the lanthanoid [La(1)] and the copper [Cu(la)] 
while the nitrogen donor [N(5r)] is bound only to the lanthanoid 
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atom. It is unusual for pyridone rings to be chelating, although 
examples have been seen before, e.g. in a dodecanuclear cobalt 
complex of the 6-methyl-2-pyridone ligand 83 . Although a solvate 
molecule was located in the lattice, acetonitrile plays no part in 
the structure of this mixed La-Cu complex. 
The two metal atoms and their symmetry equivalents form a 
parallelogram which is very close to a rhombus as the two unique 
edges [Cu(1)-La(1) and Cu(1) to La(la)] are almost equivalent (at 
3.896(1) and 3.904(1) A). Figure 3.10 presents a schematic of this 
rhombus annotated with inter-metallic contacts and bridging modes. 




Cu(la) 	 Cu(1) 4389 
p.3-LC1,2p2-LCl 	
La(la) 
Bond lengths are in A with average esds 0.001 A. 
where: 	92-LC1 = Binucleating pyridone ring. 
93-LCl = Trinucleating pyridone ring. 
O(pyr) = Oxygen from a pyridone ring. 
ring 5 = bridged by ring a 
a: Ring 5 chelates the La and is bound to Cu by its 0 donor. 
Along with this mixed La-Cu molecule a solvent molecule (MeCN) 
and a pair of (symmetrically equivalent) hydrogen bonded protonated 
pyridone rings were located in the crystalline lattice of (12). The 
packing of these molecules within this lattice (figure 3.11) shows 
that the closest intermolecular interaction are Cl-Cl interactions 
between molecules of (12) and C1-O interactions between (12) and the 
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pair of hydrogen bonded pyridones. The closest intermolecular CI-Cl 
contacts are at 3.446(4) and 3.941(4)A, the closest intermolecular 
CI-O distances are 3.028(6) and 3.498(6)A and the N-O [N(6r) to the 
symmetry related 0(6r)] distances between the pair of hydrogen bonded 
pyridone rings are 2.744(9)A. 
Figure 3.11 Molecular Packing of [LaCu(LC1) 4(NO3)(HLC1)] 2  (12). 
view down the a axis. 
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3.3.3 Summary of the Reactions of fl with La(NO 33 ±i 2Q in Methanol, 
Ethanol and Acetonitrile. 
Carrying out essentially the same reaction of (1) dissolved in 
CH 2 C1 2 with La(NO 3 ) 3 .6H 20 in three different solvents has lead to the 
formation of three different crystallographically characterised 
products (6), (11) and (12). For the reaction in methanol the highly 
asymmetric structure (6) is obtained. With ethanol we get a 'half 
hexamer' structure (11) analogous to (7), (8) and (9) [the products 
from the reaction of (1) with Gd, Dy and Er nitrate in MeOH] and with 
acetonitrile as a solvent the structure (12) is realised where the 
two Cu-pyridone units sandwich a lanthanoid region. The three struc-
tures (6), (11) and (12) shown in figures 3.1, 3.8 and 3.9 respect-
ively, although significantly different have some common features. 
All the structures (as with all the those discussed in this chapter) 
are tetra-metallic with nitrate and pyridone ligands and exhibit a 
M 2 0 2  ring. Structures (6) and (11) which have much in common such as 
metal stoichiometry are compared earlier in this chapter (section 
3.2.4). Structure (12) with a metal stoichiometry of Ln 2 Cu 2 and an 
inversion centre is reminiscent of (10) but the structure is reversed 
in the sense that (12) has a central La 202 sandwiched by Cu-pyridone 
units on either side [whereas (10) has Yb units sandwiching a central 
Cu 20 2 unit]. Structurally (12) is most reminiscent of (11) [also (7), 
(8) and (9)] with Cu(1) replaced by a further La unit (figure 3.12). 
The Cu atom in (12) is also strongly reminiscent of Cu(3) in (11) 
having the same coordination and a even similar distorted environment 




Structure of (12) 
Bonds in bold define the bonding motif common to both. 
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Structurally the role of the solvent varies for the three 
compounds with only methanol playing an extensive part in the Cu-La 
structures [as a bridging MeO and coordinated solvent in (6)], etha-
nol is only coordinated to the Cu-La complex (11) as a solvent at 
half occupancy while acetonitrile is not involved in (12) at all. The 
choice of solvent is important as certain protic solvents such as 
MeOH and EtOH cause a dissociation of (1) to occur (discussed in 
chapter 2.3). Then the reaction of (1) with Ln(NO 3 ) 3 .nH 2O in these 
donor solvents is the reaction of the lanthanoid with the 'dissocia-
ted complex' formed. This is in contrast to the reaction in acetoni-
true where presumably the reaction is directly between (1) and the 
lanthanoid as (1) does not dissociate in MeCN. The reaction in aceto-
nitrile, which unlike MeOH and EtOH is aprotic, is much slower and 
the yield is extremely poor in comparison to the reactions in EtOH 
and MeOH, hence the dissociation of (1) by alcohols would seem to 
facilitate the reaction. 
The reaction of (1) (dissolved in CH 2 C1 2) with La(NO 3 ) 3 .6H 20 
dissolved in pyridine/acetonitrile was also carried out. The reaction 
solution immediately turned from red to green and after a few minutes 
to a deep blue colour. From this solution blue crystals were obtained 
upon recrystallisation by diffusion of ether. However the X-ray 
analysis of these crystals gave unit cell values for a structure 
previously determined as Cu(C 5 H 5N) 3 (NO3 ) 2 126 , the elemental analysis 
also supports the formation of this complex (see table 3.12). 
3.4 Magnetic Measurements on Compounds 1€L IlL I& and (10. 
Room temperature magnetic measurements were performed on com-
pounds (6), (7), (8) and (10), the products from the reactions of (1) 
with lanthanoid nitrates (in methanol) where Ln = La, Gd, Dy and Yb. 
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The magnetic data for these four compounds are given in table 3.11. 
table 311: Magnetic Data for L E 	and (10. 
Compound Formula 	Paramagnetic Centres 
6 	Cu 3La(LC1 ) 5 (NO 3 ) 3 (MeO)(MeOII) 2 	3xCu 
7 Cu 3Gd(LC1) 7 (NO 3 )(OH)(HLCI) 	 Gd, 3xCu 
8 	Cu3Dy(LC1) 7 (NO 3 )(OH)(HLC1) 	 Dy, 3xCu 
10 [CuYb(LC1) 2 (NO 3 ) 2 (UeO)(MeOH) 2 ] 2 	2xYb, 2xCu 
where: neff  is the effective magnetic moment per formula unit, calcu-
lat 
ed from the experimental data obtained. 
Pcaic 
is the calculated magnetic moment for the paramag-
netic 
centres, assuming that these centres are non-interacting. 
In comparing the experimental data (eff)  with the calculated 
magnetic moment 
Ucaic)' 	the 	values for the experimental 	data 	is 
consistently lower. This suggests that in each case the paramagnetic 
centres are interacting, which is expected as there are several close 
inter-metallic contacts in the crystal structures of these compounds. 
Without further experimental data (such as variable temperature 
magnetic measurements) the nature of these of these interactions 
between the paramagnetic centres remains hidden. 
3.5 Experimental. 
3.5.1 Preparation. 
The reactions of (1) in CH 2C1 2 with various lanthanoid nitrate 
were carried out under similar reaction conditions, the reaction is 
described in detail for (6) and for subsequent reactions (7) to (10) 
only the amounts of reagents and any differences from this synthesis 
are recorded. 
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Cu 3 La(LCl) 5 (NO 33(MeO(MeOH 2  1€1: Cu 2(LC1) 4 (1) (1.81 mmol) 
was dissolved in CH 2 C1 2 (60m1), giving a deep red solution. Hydrated 
lanthanum nitrate (3.6 mmol) was dissolved in methanol (8 ml) and 
added to the solution of (1). The solution became green and was 
filtered, this solution was evaporated to dryness to give a green 
tar, which was redissolved in fresh methanol (15 ml) and filtered 
once more. Diffusion of diethyl ether vapour into this solution led 
to the formation of dark green crystals over the period of a week. 
Recrystallised yield of (6) is 33%. 
Cu 3 Gd(LCl) 7 (NO)(OH(HLCl) £7: (1) (5.2 mmol) in CH 2C12
(150m1) was reacted with Gd(NO 3 ) 3 .6H 20 (0.9 mmol) in MeOH (15 ml) in 
a similar manner to (6) giving a dark green crystalline material in 
20% yield. 
CU 3 Dy(LCfl 7 (NO 3 (OH)(HLCfl L: (1) (5.4 mmol) in CH 2C12
(150m1) was reacted with Dy(NO 3 ) 3 .5H 20 (0.9 mmol) in MeOH (15 ml) in 
a similar manner to (6) giving a dark green crystalline material in 
28% yield. 
Cu 3 Er(LCfl 7 (NO 3 (MeO) 05 (OH 05(HLCfl 	: (1) (0.1 mmol) in 
CH 2 C1 2 (15 ml) was reacted with Er(NO 3) 3 .5H 2 0 (0.2 mmol) in MeOH (5 
ml) in a similar manner to (6) giving a dark green crystalline mater-
ial in 15% yield. 
[CuYb(LCl) 2(NO32(MeO(MeOTh 212 Urn: (1) (1.7 mmol) in CH 2 C1 2 
(100m!) was reacted with Gd(NO 3 ) 3 .6H 20 (3.4 mmol) in MeOH (20 ml) in 
a similar manner to (6) giving a light green crystalline material in 
20% yield. 
The reactions of Ln(NO 3 ) 3 .nH 2O in methanol with dichioromethane 
solutions of (1) were also performed for Ln = Ce, Nd, Sm and Eu in a 
similar manner to (6) in each case a dark green crystalline/micro-
crystalline product was observed however the crystalline material 
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were not of a suitable quality for X-ray analysis. 
Cu 3 La(LC1) 7 (OH) 05 (EtO 05 (HLCl) (11'): Cu 2 (LC1) 4 (1) (0.24 
mmol) was dissolved in CH 2 C1 2 (20 ml), giving a deep red solution. 
Hydrated lanthanum nitrate (0.5 mmol) was dissolved in ethanol (8 ml) 
and added to the solution of (1). The solution became green and was 
filtered, the volume was reduced to approximately 5 ml at reduced 
pressure. Diffusion of diethyl ether into this solution led to the 
formation of dark green crystals of (11) over the period of 12 weeks. 
The yield of the crystalline material is 9%. 
[CuLa(LCl) 4 (NO 3 (HLCl)1 2 (12: (1) (0.8 mmol) was dissolved in 
CH 2 C1 2 (50 ml), giving a deep red solution. Hydrated lanthanum ni-
trate (1.6 mmol) was dissolved in acetonitrile (8 ml) and added to 
the solution of (1). The solution slowly changed to a green/brown hue 
and a green precipitate developed which was removed by filtration. 
The filtered solution was allowed to stand overnight during which 
time a further cream precipitate formed, this was again removed by 
filtration. The resulting green solution was evaporated to dryness 
and redissolved in fresh MeCN (3 ml) and diethyl ether was allowed to 
diffuse into the solution. This initially lead to the formation of 
(1) which was removed by filtration, the remaining filtrate was 
allowed to stand and after a period of 13 months a small quantity of 
crystals of (12) was isolated in 2% yield. 
Cu(NO325H 5 j.3 : ( 1) (0.3 mmol) was dissolved in CH 2C12 (50 
ml), giving a deep red solution. To this solution pyridine was added 
(5m1) and the solution went green. La(NO 3) 3 .6H20 (0.6 mmol) dissolved 
in acetonitrile (lOml) was added to this green solution of (1) in 
CH 2 C1 2/(C 5H 5N) and the solution turned blue. After a day a white 
precipitate had developed, this was filtered off and the filtrate 
evaporated to dryness and redissolved in fresh MeCN (3ml) and diethyl 
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ether was allowed to diffuse in to this solution. After a day large blue crystals had 
formed in 55% yield. 
3.5.2 Physical Measurements. 
As all the mixed copper-lanthanoid complexes described in this 
chapter are insoluble and in some cases the reaction yields very low 
[e.g. for (12)] this limited the number of physical measurements 
performed. For all samples apart from (12), elemental analysis was 
performed the results of this are presented in table 3.12. 
Thble 	Elemental Data for Compounds in Chapter3. 
compound 	formula 	 Analysis (Calculated values) 
%C %N %H 
6 Cu3La(LCL) 5 (NO 3 ) 3 (MeO)(MeOH) 2 .2(MeOH) 27.4(27.3) 8.5(8.5) 2.8(2.6) 
7 Cu3Gd(LCL) 7 (NO 3 )(OH)(HLCL).NeOH 32.5(33.0) 8.4(8.5) 2.2(2.0) 
8 Cu3Dy(LCL) 7 (NO 3 )(OH)(HLCI).MeOH 32.5(33.0) 8.4(8.4) 2.2(2.0) 
9 Cu3Er(LCL)7(NO3)(MeO)lh(OH)Ih(HLCL) 32.5(32.7) 8.6(8.6) 2.2(1.9) 
10 (CuYb(LCI) 2 (NO3 ) 2 (MeO)(MeOK) 2] 2 20.8(22.0) 7.6(7.9) 2.4(2.4) 
11 Cu3La(LCL)7(NO3)(Et0)Ih(OH)(HLCL).Et0H 34.4(34.5) 7.9(8.4) 2.9(2.3) 
'Cu3Ce(LCL) 5 (NO3 ) 3 (MeO)(MeOH) 2 .MeOH' 26.2(27.0) 8.4(8.7) 2.5(2.3) 
Cu3Nd(LCL ) 7 (NO3 )(OH)(HLCL ).2(MeOH) 33.9(33.5) 2.3(2.3) 8.3(8.4) 
'Cu.3 Sm(LCE) 7 (NO 3 )(OH)(HLCL).MeOK' 32.7(33.2) 8.1(8.5) 2.0(2.0) 
'Cu3Eu(LCL) 7 (NO3 )(OH)(HLCL))h(MeOH) I 32.6(33.2) 2.1(2.1) 8.4(8.4) 
Cu(NO3 ) 2 (C5 H5 N) 3 42.4(41.9) 16.2(16.5) 3.5(3.5) 
For (6), (7), (8) and (10) enough recrystallised product was isolated to carry 
out magnetic measurements (jL ff= 2.67, 8.74, 8.84 and 5.81 BM per formula unit 
for (6), (7), (8) and (10) respectively). Variable temperature magnetic measure-
ments on (7), (8) and (9) are at present being carried out. The magnetic data were 
recorded as described in chapter 2. 
The infra red spectra were recorded for all samples and used a 
crude diagnostic for each structrual type. The data were recorded as 
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described in chapter 2. 
3.5.3 X-Ray Structural Determination. 
A summary of crystal data and intensity measurements for com-
pounds (6) to (12) are given in table 3.13. All data were recorded 
and processed using a Stoë STADI-4 four-circle diffractometer, with 
graphite monochromated Mo-K X-radiation (lambda = 0.71073) and 
omega-20 scans with the 'learnt profile' method (W.Clegg, Acta. 
Cryst.,sect A,1981,37,22). The structures were solved by heavy atom 
methods and iterative difference Fourier synthesis, with all calcu-
lations using SHELX76 (0. M. Sheidrick, University of Cambridge, 
England 1976). These structures where all refined anisotropically 
(including H atoms in calculated positions). 
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Absorption correction 
L (mm- I ) 
no. of unique data 
no. observed data. 





weighting scheme (W)a 
Goodness of fit 
Residual electron 
density (eA73)  
unit cell measured on:-
no. reflections 
at +omega, 


















0.66 x 0.39 x 0.08 
































0.12 x 0.27 x 0.39 
































0.35 x 0.14 x 0.05 















a:- Weighting scheme as [a2 (F) - wF2 ] 
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Goodness of fit 
Residual electron 
density (eA -3 
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no. reflections 
at +omega. 


















0.03 x 0.23 x 0.39 
































0.31 x 0.31 x 0.89 
































0.19 x 0.19 x 0.10 















Compound (10) has two molecules in the asymmetric unit each of which 
lies on an inversion centre. 






























Table 3.13 cont. Crystallographic Data for (12), unit cell values for 
Cu(NO32jç5H5N)' (a) , Cu3Ce(LC 1 )5kNQ3j3(MeO)(MeOH)2.MeOH' (b) and 
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Absorption correction 
( •l ) 
no. of unique data 
no. observed data 






Goodness of fit 
Residual electron 
density (eA -3 
unit cell measured on:-
no. reflections 
at +omega. 

















0.5 x 0.25 x 0.25 



















a: Compound (12) lies on an inversion centre. 
b:- Weighting scheme as [c 2 (F2 ) + (p) 2 + p] 
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Chapter 4 : 	fu6 (LMe) 12N 1N. 31 {with Lanthanoid 
nitrates. 
4.1 Introduction. 
Like the previous chapter, this chapter deals with the reac-
tions of a copper-pyridone complex with various lanthanoids in order 
to prepare a range of Cu-Ln complexes. In this chapter the reaction 
of the copper pyridone complex [Cu 6(LMe) 12Na](NO3) (5) (discussed in 
chapter 2) was reacted with a series of lanthanoids to give eight 
crystallographically characterised mixed copper lanthanoid compounds. 
In the previous chapter there were two main factors which 
appeared to determine the type of product formed, these being the 
lanthanoid used (i.e. a size ,factor) and the solvent system adopted. 
Considering the first of these factors the reactions of (5) (in 
CH2C12) with a, wide series of lanthanoid nitrates (in methanol) were 
performed. The structures of the resulting products all bear a strong 
resemblance to each other with only minor differences apparent in the 
coordination environment of the lanthanoid. This result contrasts to 
the dramatic structural changes observed on changing the lanthanoid 
in the previous chapter. Although the differences between these 
structures [from (5)] are minor, they exhibit neatly the effect of 
the reduction in lanthanoid size in traversing the series (left to 
right). For the large lanthanoids La, Ce and Nd the f-block metal is 
nine coordinate with a stoichiometry of 
[CuLn(LMe)2 (NO3)2  (MeO) (HLMe) (MeOH) 2]2. For the relatively small 
lanthanoids such as Gd, Dy and Yb the lanthanoid is eight coordinate 
this time having only one methanol bound to the f-block metal (i.e. a 
stoichiometry of [CuLn(LMe) 2(NO3)2(MeO)(HLMe)(MeOH)1 2). Between these 
two groups in size and position lies Sm, which forms a 'compromise' 
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structure, where the lanthanoid is nine coordinated but one of these 
contacts is long range and a third methanol is bound to the f-block 
metal in place of the larger HLMe unit (i.e this structure has the 
stoichiometry of [CuLn(LMe) 2(NO3)2(MeO)(MeOH) 3]2). 
The second of the factors which determined the type of product 
formed in chapter three was the solvent system. Changing the solvent 
system away from methanol for the reaction of (5) with lanthanoids 
led to the formation of totally different systems. The sole crystal-
lographic characterised example of this is the. mixed phase reaction 
between La(NO 3 ) 3 .6H 20 (S)  and (5) (in CH 2 C1 2) which gave an extraordi-
nary [La 8Cu12(OH)24(NO3)21 2(HLMe) 13(1120)5.51 (NO3)28 complex. 
4.2 Reaction of M with a Series of Lanthanoid nitrates in Methanol. 
The reaction of (5) (in dichloromethane) with a series of 
lanthanoid nitrates (in methanol) was performed. In each case the 
reaction was essentially the same with the methanol solution of the 
hydrated lanthanoid nitrate added to the green dichioromethane solu-
tion of (5) followed by stirring the reaction mixture for several 
hours. For this reaction with seven lanthanoids (La, Ce, Nd, Sm, Gd, 
Dy and Yb) crystalline products where obtained of a suitable quality 
for X-ray analysis. This was achieved by evaporating the MeOH/CH 2 C1 2 
reaction mixture to dryness and recrystallising the green residue by 
diffusion of ether vapour into a methanol solution of the crude 
product. This gave green crystals of a suitable quality for X-ray 
analysis. 
The resulting structural analyses revealed seven mixed copper 
lanthanoid complexes [(13) to (19) for Ln = La, Ce, Nd, Sm, Gd, Dy 
and Yb respectively] based on essentially the same molecular struc-
ture which is shown in figure 4.1. 
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i = inversion centre 
There are however slight differences in the molecular struc-
tures depending on the size of the lanthanoid ion. For the smaller 
lanthanoid ions such as Gd, Dy and Yb, [with an ionic radii for Ln 3 
(six coordinate) of 1.08, 1.05 and 1.01 A respectively 124] the molec-
ular structure exhibited in figure 4.1 is adopted and hence (17), 
(18) and (19) have a stoichiometry of [CuLn(LMe) 2 (NO 3 ) 2 (MeO)(HLMe) 
(MeOH)] 2 . With larger lanthanoid ions (i.e. for La 
3+'  Ce 3 and Nd 3 
with ionic radii of 1.17, 1.15 and 1.12A respectively) an extra 
methanol unit is bound to the lanthanoid centre thus making the f- 
block 	metal nine coordinate 	giving 	a stoichiometry of 
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[CuLn(LMe) 2 (NO 3) 2(MeO)(HLMe) (MeOH) 21 2  for (13), (14) and (15). Lying 
between these two lanthanoid groups is Sm 3 which has an ionic radii 
of 1.10 A. The product obtained with Sm(NO 3 ) 3 .6H 20 (16) does not 
belong to either of the structural groupings seen for the large or 
small lanthanoid ions. The molecular structure of the copper samarium 
complex is similar to structures (13), (14) and (15) with a third 
methanol bound to the lanthanoid in place of the protonated pyridone 
unit, and hence (16) has a stoichiometry of 
[CuSm(LMe) 2(NO 3 ) 2(MeO)(MeOH) 3 ] 2 . Tables of selected bond lengths and 
angles for these mixed Cu-Ln compounds, (13) to (19), are given in 
appendix 4.1. 
These three molecular structures exemplified by (13), (16) and 
(17) (shown in figure 4.2 a, b, ,c) exhibit a remarkable resemblance 
to (10) (figure 3.6 but shown again for comparison in figure 4.2 d), 
the product from the reaction of (1) with ytterbium nitrate in metha-
nol. All four molecular structures shown in figure 4.2 contain two 
copper and two lanthanoid atoms, with a central Cu 2 (LMe) 4 (OMe) 2 
component sandwiched by two lanthanoid nitrate/methanol/(HLMe) units. 
Indeed the only differences between the four molecular structures is 
in the coordination sphere of the lanthanoid which is summarised in 
table 4.1. 
Table 4.1 Components of the Coordination Sphere of the lanthanoid for 
al IQ L12 and (10. 
structure Ln bound to:- 
(13)-(15) 2 x (NO 3), 2 x (LMe), 
(16) 2 x (NO 3), 2 x (LMe), 
(17)-(19) 2 x (NO 3), 2 x (LMe), 
(10) 2 x (NO 3), 2 x (LC1), 
2 x (MeOH), 1 x (HLMe). 
3 x (MeOH). 
1 x (MeOH), 1 x (HLMe). 
2 x (MeOH). 
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Crystal Structure of (13) 
[LaCu(LMe) 2(NO3 ) 2 (MeO)(HLMeI (MeOF) 
Crystal Structure of (1., 
[SmCu(LMe)2(NO3)2(MeO)(W "' 1 
Crystal Structure of (10) 
[YbCu(LMe) 2 (NO3)2(MeO)( 
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Figure 4.2 The 'Ln2Cu2 ' type Structures. 
Crystal Structure of (17) 
[GdCu(LMe) 2(NO3 ) 2 (MeO)(HLMe)(MeOH)]2 
The lanthanoid ion for (13), (14) and (15) is nine coordinate 
bound to two bidentate nitrates, two solvent molecules of methanol 
and finally to three .L 1 -oxygens from pyridone rings (one of which is 
protonated). The coordination geometry of the lanthanoid for these 
compounds is based on a distorted tricapped trigonal prism where the 
donor atoms O(lln), 0(22n) and 0(3m) occupy the three capping sites 
(see chapter 5). Moving to the smaller lanthanoids in structures 
(17), (18) and (19) the lanthanoid ion is now eight coordinate bound 
to two bidentate nitrates, three pyridone ring oxygens (one protona-
ted) but [unlike (13) to (15)] only to one methanol molecule. The 
coordination geometry observed for the lanthanoid ions of (17), (18) 
and (19) are based on a dodecahedron (see chapter 5). As with (10) 
the Ln-O contacts fall into three groups, with the longest contacts 
to nitrate units and then to methanol units and finally the shortest 
Ln-O distances which are to pyridone oxygens (see table 4.2). 
Table 4.2 kn: 0 contacts for Ith Lo Sill and u_n Io. (19'). 
Lanthanoid contacts (A) to:- 
structure O(nitrate) O(methanol) O(pyridone) 
 2.585-2.699 2.560, 2.588 2.401-2.410 
 2.595-2.676 2.522,2.606 2.369-2.393 
 2.545-2.656 2.513, 2.538 2.345-2.363 
 2.523-2.429 2.385 2.289-2.263 
 2.520-2.437 2.375 2.256-2.219 
 2.486-2.418 2.302 2.196-2.185 
The av. esds are; 0.009 for (13), 0.005A for (14), 0.004A for (15), 
0.005A for (17), 0.004A for (18) and 0.009A for (19). 
All contacts are mononucleating. 
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The Ln-O distances correlate reasonably well with equivalent 
Ln-O distances previously observed (in chapter 3). The La-0 distances 
illustrates this as the distances observed in (13) compare well with 
(12). For example the mean La-O(nitrate) distance is 2.648A in (13) 
and 2.619A in (12) while the average La-0 contacts are 2.551A and 
2.535A for (13) and (12) respectively [the La-0 distances in (13) 
compares less well with (6) and (11) as the coordination number of 
the La atom in these species are different from (13)1. Likewise the 
Gd-O and the Dy-O contacts in (17) and (18) compare well with the Gd-
o and Dy-O distances observed in (7) and (8) (from the reaction of 
(1) with Gd(NO 3 ) 3 .6H 20 and Dy(NO 3 ) 3 .5H 20). For example the average 
Gd-O(j.i 1 ,pyridone) bond lengths are 2.268 and 2.272A for (7) and (17) 
respectively [also the average Ln-O distances for the two Dy struc-
tures and the two Gd structures are comparable at 2.363 and 2.370A 
for (8) and (18) and 2.386 and 2.392A for (7) and (17) respectively]. 
In comparing the Yb-O contacts in (19) to (10) it is observed that 
whereas the U(pyridone) contacts [at an average of 2.186A in (10)] 
and the U(methanol) contacts [at an average of 2.305A in (10)] are 
comparable between the two structures, the Yb-O(nitrate) distances in 
(10) are noticeably shorter at an average of 2.389A. This is also 
manifest in comparison of the average Yb-O distances for (10) and 
(19) at 2.317 and 2.330A respectively. This elongation of the lantha-
noid oxygen bond lengths in (19) is somewhat surprising as both (10) 
and (19) are based on almost identical molecular structures, with 
only a MeOH unit, in (10), being replaced by a HLMe unit in (19). 
This difference in the coordination environment of the ytterbium is 
probably responsible for the average increase in bond lengths ob-
served in (19), with the MeOH unit, in (10), replaced by the steric-



























As expected the comparable Ln-O bond lengths shorten in moving 
from La to Yb across the lanthanoid series which is consistent with 
the reduction in ionic radii for these lanthanoids. The plot of the 
average Ln-O distance versus the ionic radii for Ln 31  illustrates 
this point (figure 4.3). 
Figure 4.3 
Plot of Ionic Radii versus Average Ln-O distance. 
Ionic Radii of Ln(III) 124 / A 
(data given for six coordinate lanthanoidS.) 
134 
From this diagram it can be seen that there is a near linear 
relationship between the average Ln-O bond lengths and the ionic 
radii of the lanthanoids of the same coordination number (either 
eight or nine). There is a distinctive step (down to a lower ave. 
Ln-O distance) in the plot between Sm. and Gd, which is as expected 
because here the coordination number drops from nine to eight. 
The Cu environment for (13) to (19) is very similar to the Cu 
environment in (10). The Cu atom is four coordinate bound to two N 
donors from two pyridone rings and two 0 donors from two methoxide 
units. The two 0 donors are binucleating with their coordination 
shared between the Cu atom and its symmetry equivalent, thus giving 
rise to a cis arrangement of the two N two 0 donor set. Table 4.3 
lists the environment for each of the Cu atoms in this structural 
series. [note: There is 
a general discussion regarding the Cu environments in all structure 
from (1) to (20) in chapter 5.] 
Table 4.3 The Cu Environments in f= to (19). 
Structure CU-0 Cu-N ligand O-Cu-0 
(A) (A) twist(*) angle(*) 
 1.965, 1.972 1.965, 2.005 37.7 81.6 
 1.953, 1.962 1.972, 1.995 36.6 81.11 
 1.958, 1.959 1.981, 1.989 39.2 81.80 
 1.952, 1.968 1.970, 1.999 42.2 82.4 
 1.947, 1.970 1.960, 1.975 36.2 81.35 
 1.956, 1.972 1.977, 1.986 37.4 82.36 
 1.957, 1.980 1.982, 1.990 37.9 82.3 
For standard deviations on bonds and angles see appendix 1. 
The ligand twist is defined as the angle between the 0-Cu-0 plane and 
the N-Cu-N plane. 
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The geometry of the Cu atom is very distorted [as was observed 
for (10)] lying close to half way between square planar and tetrahe-
dral with values between 36.2 and 42.2° for the ligand twist [c.f. 
40.2 and 41.4° for (10)]. The other major distortion at the Cu atom 
is a compression in the O-Cu-O angle (c.a. 82°) which is similar to 
the same angle in (10) (at 82.1 and 82.40). 
The Cu-0 bond lengths (at 1.952 to 1.980A) and the Cu-N bond 
lengths (at 1.960 to 2.005A) for the seven structures are slightly 
longer than the Cu-0 and the Cu-N distances observed in (10) (where 
the average Cu-0 bond is 1.951A and the average Cu-N distance is 
1.976A). These Cu-0 distances observed for (13) to (19) compare well 
with the Cu-O(pyridone) contacts observed with this ligand {e.g. for 
(5) [Cu 6 (LMe) 12Na](NO 3
) CU-0 = 1.952(14) to 1.970(13)A}, however the 
Cu-N contacts are noticeably shorter than the Cu-N contacts in (5) 
[where Cu-N = 2.000(16) to 2.031(16)]. 
Like (10) the structures are centrosymmetric centred with the 
two metal atoms and their symmetry equivalents forming a near rhom-
bus. Figure 4.4 shows the 'diamond' schematic for the four metal 
atoms giving the intermetallic contacts for (13) to (19). 
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figure 4.4 'Diamond schematic' for Ith jo (19. 
Cu(1) 
Ln(1) 	 i 	 Ln(1a) 
Cu(la) 
where: 
a/A b/A c/A 
 4.517(1) 4.491(1) 2.980(2) 
 4.472(1) 4.455(1) 2.974(1) 
 4.497(1) 4.479(1) 2.961(2) 
 4.38 1(2) 4.280(2) 2.950(2) 
 4.287(1) 4.283(1) 2.971(1) 
 4.288(1) 4.281(1) 2.956(2) 
 4.266(1) 4.254(1) 2.966(2) 
[ 	
(10) 4.303(1) 4.280(1) 2.944(2) 1 
[ 	
(10) 4.305(1) 4.265(1) 2.935(2) 1 
The inter-metallic contacts fall in to two general groups the 
first being Ln-Cu contacts (a and b) and Cu-Cu contacts (c). The 
hetero-metallic contacts appear to be dependent to the lanthanoid 
with the structures (13) to (15) having similar Ln-Cu contacts which 
are longer than seen in (16) which is longer than the Ln-Cu contacts 
observed for (17) to (19) [and (10)]. The inter Cu vectors varying 
from 2.950 to 2.980A appears to be more or less independent of lan-
thanoid and marginally longer than the Cu-Cu distance in (10). 
Although these compounds have similar molecular structures, it 
does not necessarily mean that the arrangements of molecules within 
the crystalline lattice are similar. The packing within the crystal-
line lattice for (14) differs from structures (13) and (15) which are 
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iso-structural. For (13) and (15) there are two free molecules of 
solvent within the crystalline lattice whereas with (14) there are 
none. The closest molecular interactions for (13) and (15) are from 
the solvate molecules of methanol to the protonated ring nitrogen and 
also a nitrate oxygen at 3.235(14) and 3.167(13)A for (13) and 
3.236(7) and 3.176(6) for (15). The distance between the oxygen atoms 
of the two solvate molecules are 2.655(18) for and 2.626(10)A for 
(13) and (15) respectively, which suggests a degree of hydrogen 
bonging in these species. The molecular packing of (14) shown in 
figure 4.5 shows that there are several close interactions between 
the molecules. 
Figure 4.5 Molecular packing of [CeCu(LMe) 2(NO3)2(MeO)(HLMe)(MeOH) 21 2 
(14). 
Hatched lines denote close O(methanol)-O(nitrate) and O(nitrate)-
N(pyridone) intermolecular interactions. 
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The closest inter-molecular contacts are between the nitrate 
oxygens [0(31n), 0(32n) and 0(lln)], the protonated pyridone ring 
nitrogen [N(5r)] and to a methanol bound to the lanthanoid (0(2m)). 
These closest contacts are; 3.238A from 0(31n) to 0(2ma), 3.393A from 
0(31n) to 0(31na), 3.374A from 0(32n) to N(lra), 2.838A from 0(31n) 
to N(lra) and from 0(2m) to 0(llna) at 2.812A. These final two con-
tacts which are less than three angstroms suggests that there is 
hydrogen bonding between these molecules in the crystalline lattice. 
The molecular packing of (17) and (18) are alike as might be expected 
from their similar unit cell dimensions. The closest intermolecular 
interactions for (17) and (18) are from the nitrate oxygen and the 
protonated ring nitrogen [N(ir)] of the Cu-Ln complex to the solvate 
molecules of methanol. These contacts are 3.712, 3.223, 2.772 and 
2.603A (with av. esds 0.014A) for (17) and 3.297, 3:336, 2.744 and 
2.667A for (18) (with av. esds 0.009A). The very short interactions 
in each case are from N(lr) to solvate molecules and between the 
uncoordinated solvent molecules, which suggests that there is hydro-
gen bonding between these atoms. The crystalline packing of (19) is 
shown in figure 4.6 differs slightly from (17) and (18). Whereas 
(17) and (18) have no close intermolecular ring interactions (19) 
does, with an inter ring contact of 3.834(10)A between two protonated 
rings (ring 1). The closest inter-molecular interactions in (19) are 
as observed in (17) and (18) between nitrate oxygens, N(lr) and the 
solvate methanol molecules at 3.095, 3.035, 2.910 and 2.769A (av. 
esds 0.024A). As with (17) and (18) the two shortest contacts (from 
N(1r) to solvate molecules and between the uncoordinated solvent 
molecules) suggest a degree of hydrogen bonding within the crystal-
line lattice. 
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Figure 4.6 Molecular Packing of 
[YbCu(LMe) 2(NO3)2(MeQ)(HLMe)(MeOH)1 2 (19) 
C 
Hatched lines denote close ring-ring and N(pyridone)-solvent inter-
molecular interactions. 
4.2.1 Structure af [CuSm(LMe 2(NO3 (MeO(MeOff) 312 (16). 
The reaction of (5) in CH 2 C12 with lanthanoid nitrates results 
in the formation of a series of closely related mixed Cu-Ln complexes 
based on the same molecular structure 
[CuLn(LMe) 2(NO3) 2(MeO)(HLMe)(MeOH)] 2 (where n= 1 or 2). The coordi-
nation number of the lanthanoid ions deceases from nine to eight in 
moving across the period from lanthanum to ytterbium reflecting their 
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ionic radii. The change over from nine and eight coordinate lantha-
noid ions occurs between neodymium and gadolinium (i.e. between the 
ionic radii of 1.12 and 1.08A 124)•  This asks the question of what 
kind of structure would samarium afford with an ionic radii exactly 
half way between Nd and Gd at 1.10A 124 . The reaction of (5) was 
carried out with Sm(NO 3 ) 3 .6H 20 in a similar way to the preparation of 
the previous compounds discussed in this chapter. Recrystallisation, 
by ether diffusion, led to the formation of dark green crystals which 
were of a suitable quality for X-ray analysis. The resulting analysis 
revealed a mixed Cu-Sm complex (16), shown in figure 4.2b . (16) has 
it a molecular structure akin neither to the early lanthanoids (13) 
to (15) or the late lanthanoid (17) to (19), instead a 'compromise' 
structure is afforded with a stoichiometry of [CuSrn(LMe) 2 (NO 3 ) 2 
(MeO)(MeOH) 3 } 2 . Tables of selected bond lengths and angles are given 
in appendix 4.1. 
This Cu-Sm complex is again very reminiscent of (10), except 
that (16) has an extra MeOH unit bound to the lanthanoid centre. (16) 
is therefore similar (13), (14) and (15) in that lanthanoid is nine 
coordinate, with the protonated HLMe unit in (13) to (15) replaced by 
a third methanol coordinated to the lanthanoid atom. The two nitrates 
coordinated to the samarium are disordered, with one of the lantha-
noid bound oxygens, the nitrogen atom and the unbound oxygen of each 
nitrate occupying two positions (see figure 4.7). The structural 
refinement of these nitrates and the model used to describe this 
disorder are presented in appendix 4.2. 
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Figure 4.7 








The copper environment of (16), being four coordinate with an 
extremely distorted 'cis' arrangement of its two N two 0 donor set, 
is once more similar to what has previously been seen [in structures 
(10), (13) to (15) and (17) to (19)]. The distortion of the Cu atom 
is quantified by a ligand twist, the angle between the O-Cu-O plane 
and the N-Cu-N plane, of 42.2° which describes the greatest distor-
tion at the Cu atom for this series of structures [the ligand twist 
for (13) to (15) and (17) to (19) is from 36.2 to 39.2°]. The com-
pressed 0-Cu-0 angle of 82.4° is also consistent with the previous 
structures in the series [structures (13) to (15) and (17) to (19) 
which have a range of 81.1 to 81.4* for the 0-Cu-0 angle]. 
The Cu-0 bond lengths at 1.968(8) and 1.952(8)A and the Cu-N 
distances at 1.970(10) and 1.999(10)A are consistent to the Cu-0 and 
Cu-N bond lengths observed for these structures. 
The samarium ion is nine coordinate bound to two disordered 
bidentate nitrates, two pyridone oxygens (which are both j.t 1 ) and 
finally three coordinated molecules of methanol. The coordination 
geometry around the samarium ion is not well defined due to the 
disordered nitrates but can be regarded as based on a tricapped 
trigonal prism, as observed for the other nine coordinate lanthanoid 
ions in this structural series. 
The Sm-0 contacts can once more be sub divided into three 
distinct groups: with the shortest distances being to the two pyri-
done oxygens at 2.298 and 2.315A; then the contacts to MeOH oxygens 
at 2.427 to 2.315A; and finally the longest Sm-0 contacts which are 
to nitrate oxygens at an average of 2.574A (ave. esds for Sm-0 = 
0.012A). The longest Sm-0 contact [0(22a) at a half weight] at 
2.756(16)A is considerably longer than the other lanthanoid bonds in 
this structure (by some 0.11A) and indeed is longer than any lantha- 
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noid oxygen contact for this series of structures [the previous long-
est being the La-O(nitrate) distance of 2.699(10)A in (13)]. Thus the 
coordination of the samarium may be regarded as a mixture of two 
species: in the first there are eight 'normal' length Sm-O contacts 
plus a further long range interaction; in the second species the Sm 
is nine coordinate. Hence the coordination of the samarium can be 
considered as a compromise between the nine and eight the coordinate 
lanthanoids in this Ln 2Cu2 series [i.e. between the early (La, Ce and 
Nd) and late (Gd, Dy and Yb) lanthanoids]. The fact that the samarium 
is not bound to a HLMe, unit as is observed for structures (13) to 
(15) and (17) to (19), can probably be attributed to the lanthanoid 
being sterically crowded and hence not having enough space for coor-
dination of the protonated ligand. 
The inter-metallic contacts for (16) are 2.950(2)A between 
Cu(1) atom and its symmetry equivalent (Cu(la)), 4.280(2)A between 
Cu(1) and Sm(l) and from Sm(1) to Cu(la) 4.381(2)A. The Cu-Cu vector 
is marginally shorter than the previous structures discussed in this 
chapter [for (13) to (15) and (17) to (19) being between 2.980 to 
2.956A]. The Sm-Cu vectors for this 'compromise' structure are as 
expected shorter than the Ln-Cu distances in (13), (14) and (15) 
(4.517 to 4.455A) and marginally longer on average than the distances 
observed in (17) to (19) [where Ln-Cu = 4.254 to 4.288A]. 
The molecular packing of (16) illustrated in figure 4.8 shows 
that there are several close intermolecular interactions which are 
chiefly between nitrate oxygens, the solvated methanol unit [C(ls), 
O(lsa) and O(lsb)] and a carbon and an oxygen [C(lm) and 0(4m)] from 
two different MeOH units bound to the lanthanoid. Indeed there are a 
sum of thirteen intermolecular interactions less than 3.5A (although 
eleven of these involve at least one half weight atom). The closest 
11 M1, 
of these contacts are 2.504, 2.615 and 2.771A (with an av. esd of 
0.020A) from 0(32a) to O(lsa), O(lm) to O(lsb) and from 0(12n) to 
0(4m) respectively, indicating the likely presence of hydrogen bond-
ing interactions. 
Figure 4.8 
The Molecular Packing of [SmCu(LMe) 2(NO3)2(MeO)(MeOH)31 2 (16). 
Hatched lines denote close O(methanol)-O(nitrate) and O(nitrate)
solvent intermolecular interactions. 
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4.3 The mixed phase reaction of M with La(N0 3 1 3 li 2 i the  
13W2Q.15•5 1 (HLMe') 2 (NO3 ).28 (CH 2CD. 
(21I. 
The presence of methanol in the reaction of (5) with the lan-
thanoids seems to be crucial (as methanol features strongly in the 
resulting structures), as it did with the reactions of (1) with the 
lanthanoids as seen in chapter 3. This invites the question of what 
sort of products will be formed on reacting (5) with the lanthanoids 
without methanol present. 
To the green dichioromethane solution of (5) was added an 
excess of hydrated lanthanum nitrate (solid) and over a period of 
several hours the green solution changed in colour to a light blue 
hue. After several more hours the solution had gone completely co-
lourless and a small quantity of light blue crystals of diffraction 
quality had formed embedded in a solid residue of unreacted 
La(NO 3 ) 3 .6H 20 and any byproducts from the reaction. The light blue 
crystals were manually separated from this matrix. The subsequent 
structural analysis revealed an extraordinary mixed La-Cu structure 
of the stoichiometry [La 8 Cu 12 (OH ) 24(NO 3 ) 212 (HLMe) 13 (H 20) 55 ] 
(HLMe) 2 (NO 3 ) 28 (CH 2 C1) (20) the cation of which is illustrate in 
figure 4.9 and tables of selected bond lengths and angles are given 
in table 4.4. The processing of the structural data was not trivial 
due to a large amount of disorder apparent in the outer ligand shell 
of (20). A brief description of the disorder found and the models 
used to describe them are given in appendix 4.3. 
The cation of this structure is comprised of a La 8 Cu 12 (OH ) 24 
'inorganic' core (figure 4.10) with an mainly 'organic' atmosphere of 
protonated pyridone ligands, nitrates and waters on the surface of 
the core. 
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Figure 4.9 Molecular Structure of the Cation of (20). 
Bonds in bold illustrate the inorganic' La 2Cu12 (OH)24 core. 
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Table 4.4: Bond lengths and angles for (20). 
a) Selected bond lengths (A) with standard deviations. 
La(1) -Cu(1) 3.488( 	3) La(3) -0(1R) 2.386(16) Cu(2) -0(8)' 
1.917(14) 
La(1) -Cu(4) 3.496( 	3) La(3) -0(11N) 2.646(18) Cu(2) -0(10) 1.976(13) 
La(1) -Cu(S) 3.437( 	3) La(3) -0(13N) 2.610(1S) Cu(2) -0(11)' 1.961(14) 
La(1) - 	 0(4) 2.590(13) La(3) -0(21N) 2.639(16) Cu(2) -0(42N) 2.466(17) 
La(1) - 0(6) 2.631(14) La(3) -0(23N) 2.671(17) Cu(2) -0(05N) 2.40( 	4) 
La(1) - 	 0(7) 2.607(14) La(3) -0(31N)' 2.395(18) Cu(2) -0(06N)' 2.46( 	3) 
La(1) -0(4R) 2.399(16) La(3) -0(42N) 2.718(17) Cu(3) - 0(1) 1.965(14) 
La(1) -0(51N) 2.622(19) La(4) -Cu(3) 3.564( 	3) Cu(3) - 0(3) 1.943(14) 
La(1) -0(61N) 2.658(19) La(4) -Cu(6) 3.562( 	3) Cu(3) - 0(5) 1.967(14) 
La(1) -0(63N) 2.766(17) La(4) - 0(1) 2.716(14) Cu(3) - 0(9) 1.965(14) 
La(1) -0(71N) 2.609(17) La(4) - 0(9) 2.608(14) Cu(3) -0(OGN)' 2.52( 	3) 
La(1) -0(72N) 2.593(17) La(4) -0(12)' 2.599(14) Cu(4) - 0(6) 1.933(14) 
La(1) -0(81N) 2.557(17) La(4) -0(13A) 2.45( 	3) Cu(4) - 0(7) 1.923(14) 
La(2) -Cu(1) 3.614( 	3) La(4) -0(15A) 2.68( 	4) Cu(4) -0(9)' 1.953(14) 
La(2) -Cu(2) 3.499( 	3) La(4) -0(5R) 2.365(20) Cu(4) -0(12) 1.932(15) 
La(2) -Cu(3) 3.591( 	3) La(4) -0(91N) 2.58( 	3) Cu(4) -0(52N) 2.376(18) 
La(2) - 0(3) 2.671(14) La(4) -0(93N) 2.54( 	3) Cu(S) -Cu(6) 3.278( 	4) 
La(2) - 	 0(5) 2.588(14) La(4) -0(O1N) 2.817(21) Cu(S) - 0(2) 1.949(13) 
La(2) -0(10) 2.575(13) La(4) -0(0314) 2.86( 	3) Cu(S) - 0(4) 1.994(13) 
La(2) -0(13) 2.592(20) La(4) -0(15) 2.67( 	6) Cu(S) - 0(7) 1.984(14) 
La(2) -0(14) 2.601(20) Cu(1) -Cu(2) 3.318( 	4) Cu(S) -0(11) 1.974(14) 
La(2) -0(7R) 2.470(20) Cu(1) -Cu(3) 3.204( 	4) Cu(S) -0(OSN)' 2.52( 	4) 
La(2) -0(2R) 2.357(21) Cu(1) - 0(3) 1.976(14) Cu(6) - 0(1) 1.980(14) 
La(2) -0(3R) 2.436(21) Cu(1) - 0(4) 1.952(13) Cu(6) - 0(2) 1.982(13) 
La(2) -0(4114) 2.637(20) Cu(1) - 0(6) 1.955(14) Cu(6) - 0(8) 1.935(14) 
La(3) -Cu(2) 3.457( 	3) Cu(1) -0(10) 1.939(13) Cu(6) -0(12)' 1.983(15) 
La(3) -0(2)' 2.678(13) Cu(2) -Cu(3) 3.363( 	4) Cu(6) -0(33N) 2.409(20) 
La(3) -0(8)' 2.508(14) Cu(2) - 0(5) 1.983(14) 0(8R) -C(81A) 1.351(24) 
La(3) -0(11)' 2.594(13) 
b) Selected angles (°) with standard deviations. 
0(4) -La(1)- 0(6) 	61.2( 4) 
0(4) -La(1)- 0(7) 	63.4( 4) 
0(4) -La(1)-0(4R) 	82.5( 3) 
0(4) -La(1)-0(51N) 132.1( 5) 
0(4) -La(1)-0(61N) 119.8( 5) 
0(4) -La(1)-0(63N) 71.9(5) 
0(4) -La(1)-0(71N) 125.7( 5) 
0(4) -La(1)-0(72N) 151.6( 5) 
0(4) -La(1)-0(81N) 66.4( 5) 
0(6) -La(1)- 0(7) 	60.1( 4) 
0(6) -La(1)-0(4R) 	127.3( 5) 
0(6) -La(1)-0(51N) 71.5(5) 
0(6) -La(1)-0(61N) 90.1( 5) 
0(6) -La(1)-0(63N) 64.9( 5) 
0(6) -La(1)-0(71N) 116.5( 5) 
0(6) -La(1)-0(72N) 146.6( 5) 
0(6) -La(1)-0(81N) 118.8( 5) 
0(7) -La(1)--0(4R) 135.8( 5) 
0(7) -La(1)-0(SIN) 87.5( 5) 
0(7) -La(1)-0(61N) 145.3( 3) 
0(7) -La(1)-0(63N) 120.6( 3) 
0(7) -La(1)-0(71N) 70.3( 5) 
Apostrophied atoms are 
tion (-x, -y, 1-z). 
0(2)' -La(3)-0(1R) 126.3( 5) 
0(2)' -La(3)--0(11N) 111.8(5) 
0(2)' -La(3)-0(1314) 67.0( 5) 
0(2)' -La(3)-0(21N) 114.1(4) 
0(2)' -La(3)-0(23N) 154.9( 5) 
0(2)' -La(3)-0(3114)' 71.5(5) 
0(2)' -La(3)-0(42N) 116.5(5) 
0(8)' -La(3)-0(11)' 58.4(4) 
0(8)' -La(3)-0(1R) 128.0(5) 
0(8)' -La(3)-0(11N) 161.2( 5) 
0(8)' -La(3)-0(13N) 124.9( 5) 
0(8)' -La(3)-0(21N) 71.0( 5) 
0(8)' -La(3)-0(23N) 115.7( 5) 
0(8)' -La(3)-0(31N)' 90.0( 5) 
0(8)' -La(3)-0(42N) 65.5( 5) 





0(11)'-La(3)-0(31N) '131.S( 5) 
0(11)'-La(3)-0(42N) 66.7(5) 
related to their equivale 
0(SR) -La(4)-0(91N) 69.8( 8) 
0(SR) -La(4)-0(93N) 102.6( 8) 
0(5R) -La(4)-0(01N) 169.0( 6) 
0(SR) -La(4)-0(03N) 130.6( 8) 
0(SR) -La(4)-0(1S) 86,6(14) 
0(91N)-La(4)-0(93N) 46.1( 9) 
0(91N)-La(4)-0(OIN) 108.4( 8) 
0(91N)-La(4)-0(03N) 66.9( 9) 
0(91N)-La(4)-0(15) 25.4(15) 
0(93N)-La(4)-0(0114) 82.3( 8) 
0(9314)-La(4)-0(03N) 61.6( 9) 
0(93N)-La(4)-0(15) 54.5(15) 




0(3) -Cu(1)- 0(4) 	96.0( 6) 
0(3) -Cu(1)- 0(6) 177.4( 6) 
0(3) -Cu(1)-0(10) 	84.7( 5) 
0(4) -Cu(1)- 0(6) 	85.8( 6) 
0(4) -Cu(1)-0(10) 	177.8( 6) 
0(6) -Cu(1)-0(10) 	93.4( 6) 
0(5) -Cu(2)-0(8)' 	175.9( 6) 
rits by the symmetry opera- 
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0(1R) -La(3)-0(I1N) 70.8( 5) 
0(LR) -La(3)-0(13N) 84.3( 6) 
0(1R) -La(3)-0(21N) 117.1( 5) 
0(1R) -La(3)-0(23N) 7 7 .7( 5) 
0(1R) -La(3)-0(31N)'141.9( 6) 
0(1R) -La(3)-0(42N) 71.2( 5) 
0(11N)-La(3)-0(13N) 48.2( 6) 
0(11N)-La(3)--0(21N) 103.2( 5) 
0(1IN)-La(3)-0(23N) 65.9( 5) 
0(11N)-La(3)-0(31N)' 71.2( 6) 
0(1IN)-La(3)-0(42N) 130.1( 5) 
0(13N)-La(3)-0(21N) 138.7( 3) 
0(13N)-La(3)-0(23N) 114.0( 5) 
0(13N)-La(3)-0(31N)' 72.3( 6) 
0(13N)-La(3)-0(42N) 151.6( 5) 
0(21N)-La(3)-0(23N) 47.2( 5) 
0(21N)-La(3)-0(31N)' 69.8( 5) 
0(21N)-La(3)-0(42N) 67.9( 5) 
0(23N)-La(3)-0(31N)' 84.8( 5) 
0(23N)-La(3)-0(42N) 75.3( 5) 
0(31)'-La(3)-0(42N) 136.1( 5) 
0(1) -La(4)- 0(9) 61.2( 4) 
0(1) -La(4)-0(12)' 60.6(4) 
0(1) -La(4)-0(13A) 123.4( 8) 
0(1) -La(4)-0(LSA) 167.9( 9) 
0(1) -La(4)--0(5R) 123.9( 6) 
0(1) -La(4)-0(91N) 114.7( 7) 
0(1) -La(4)-0(93N) 69.7( 7) 
0(1) -La(4)-0(O1N) 66.9( 5) 
0(1) -La(4)-0(03N) 95.7( 7) 
0(1) -La(4)-0(15) 	121.6(14) 
0(9)-La(4)-0(12)' 	61.0(4) 
0(9) -La(4)-0(13A) 71.9( 8) 
0(9) -La(4)-0(13A) 11S.1( 9) 
0(9) -La(4)-0(SR) 118.2( 6) 
0(9) -La(4)-0(91N) 172.0( 7) 
0(9) -La(4)-0(93N) 127.9( 7) 
0(9) -La(4)-0(O1N) 63.8( S) 
0(9) -La(4)-0(03N) 105.9( 7) 
0(9) -La(4)-0(15) 149.3(14) 
0(12)'-La(4)-0(13A) 120.6( 8) 
0(12)'-La(4)-0(ISA) 129.2( 9) 
0(12)'-La(4)-0(5R) 71.5( 6) 
0(12)'-La(4)-0(91N) 124.1(7) 
0(12)'-La(4)-0(93N) 108.8( 7) 
0(12)'-La(4)-0(O1N) 116.5( 5) 
0(12)'-La(4)-0(03N) 136.0( 7) 
0(12) '-La(4)-0(1S) 149.5(14) 
0(13A)-La(4)-0(15A) 47.3(11) 
0(13A)-La(4)-0(SR) 104.8( 9) 
0(13A)-La(4)-0(91N) 107.4(10) 
0(13A)-La(4)-0(93N) 128.8(10) 
0(13A)-La(4)-0(O1N) 65.0( 9) 
0(13A)-La(4)-0(03N) 67.7(10) 
0(13A)-La(4)-0(15) 	84.9(15) 
0(1SA)-La(4)--0(5R) 68.1( 9) 
0(15A)-La(4)-0(91N) 67.3(10) 
0(1SA)-La(4)-0(93N) 109.1(10) 
0(15A)-La(4)-0(O1N) 101.1( 9) 
0(15A)-La(4)-0(03N) 73.9(10) 
0(15A)-La(4)-0(15) 54.8(16) 
0(5) -Cu(2)-0(10) 83.0(5) 
0(5) -Cu(2)-0(11)' 97.3(6) 
0(5) '-Cu(2)-0(42N) 103.3( 6) 
0(5) -Cu(2)-0(05N) 101.9( 9) 
0(5) -Cu(2)-0(06N)' 79.5(9) 
0(S)' -Cu(2)-0(10) 	99.9(6) 
0(S)' -Cu(2)-0(11)' 	80.0(6) 
0(8)' -Cu(2)-0(42N) 79.4( 6) 
0(8)' -Cu(2)-0(05N) 74.9( 9) 
0(8)' -Cu(2)-0(06N)' 97.9( 9) 
0(10) -Cu(2)-0(11)' 176.7(6) 
0(10) -Cu(2)-0(42N) 95.0( 5) 
0(10) -Cu(2)-0(OSN) 101.8( 9) 
0(10) -Cu(2)-0(06N)' 52.6( 9) 
0(1I)'-Cu(2)-0(42N) 81.7( 6) 
0(11)'-Cu(2)-0(05N) 81.4( 9) 
0(11)'-Cu(2)-0(06N)'100.7( 9) 
0(42N)-Cu(2)-0(OSN) 151.2( 9) 
0(42N)-Cu(2)-0(06N)'176.1( 9) 
0(05N)-Cu(2)-0(06N)' 28.0(11) 
0(1) -Cu(3)- 0(3) 	94.5( 6) 
0(1) -Cu(3)- 0(5) 	179.8( 6) 
0(1) -Cu(3)- 0(9) 87.3(. 6) 
0(1) -Cu(3)-0(06N)'101.5( 9) 
0(3) -Cu(3)- 0(5) 	83.6( 6) 
0(3) -Cu(3)- 0(9) 	176.2( 6) 
0(3) -Cu(3)-0(06N)' 87.8( 9) 
0(5) -Cu(3)- 0(9) 92.7( 6) 
0(5) -Cu(3)-0(06N)' 78.2(9) 
0(9) -Cu(3)--0(06N)' 95.2( 9) 
0(6) -Cu(4)- 0(7) 	85.8( 6) 
0(6) -Cu(4)-0(9)' 	177.8( 6) 
0(6) -Cu(4)-0(12) 93.8( 6) 
0(6) -Cu(4)-0(52N) 105.3( 6) 
0(7) -Cu(4)-0(9)' 	94.7( 6) 
0(7) -Cu(4)-0(12) 179.2( 6) 
0(7) -Cu(4)-0(32N) 91.5( 6) 
0(9)' -Cu(4)-0(12) S5.7( 6) 
0(9)' -Cu(4)-0(52N) 76.9( 6) 
0(12) -Cu(4)--0(52N) 89.3( 6) 
0(2) -Cu(S)- 0(4) 	94.0( 5) 
0(2) -Cu(S)- 0(7) 	178.1( 6) 
0(2) -Cu(5)--0(11) 85.7(6) 
0(2) -Cu(5)-0(OSN)' 84.8( 9) 
0(4) -Cu(S)- 0(7) 	S6.8( 6) 
0(4) -Cu(5)-0(11) 	176.0( 6) 
0(4) -Cu(5)-0(05N)' 97.9( 9) 
0(7) -Cu(S)-0(11) 93.4(6) 
0(7) -Cu(5)--0(05N)' 93.3( 9) 
0(11) -Cu(S)-0(05N)' 78.1(9) 
0(1) -Cu(6)- 0(2) 	97.6( 6) 
0(1) -Cu(6)- 0(8) 	175.6( 6) 
0(1) -Cu(6)-0(12)' 	85.3( 6) 
0(1) -Cu(6)-0(33N) 95.1( 6) 
0(2) -Cu(6)- 0(8) 85.3( 6) 
0(2) -Cu(6)-0(12)' 177.1(6) 
0(2) -Cu(6)-0(33N) 99.2( 6) 
0(8) -Cu(6)-0(12)' 91.9( 6) 
0(8) -Cu(6)-0(33N) 87.7( 6) 
0(12)'-Cu(6)-0(33N) 80.2( 6) 
Apostrophied atoms are related to their equivalents by the symmetry opera-
tion (-x, -y, 1-z). 
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The core structure is illustrated in figure 4.10. 
Figure 4.10 The core La 8Cu12(OH) Structure of (20). 
14) 
12) 
The eight lanthanums in the core define the vertices of an 
approximate cube (figure 4.11). 
Figure 4.11 The polyhedron defined by the eight La atoms in (20) 
La12& 
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The twelve copper atoms can be described as a cuboctahedron 
(figure 4.12) with each Cu atom being located approximately halfway 
along each of the twelve La-La cube edges and slightly depressed 
towards the centre. 
Figure 4.12 The polyhderon defined by the twelve Cu atoms in (20). 
This La 8 Cu 12 framework is held together by twenty four tn-
nucleating oxygens from hydroxide units two of which lie upon each of 
the diagonals of each of the six square faces of the 'La cube'. The 
La 8 Cu 12 (OH) 24 unit thus has non-crystallographic °h  symmetry. The 
cuboctahedron defined by the twelve Cu atoms is close to the idea- 
used polyhedra with a maximum deviation of 3.6° (av. deviation = 
0.9°) from the ideal surface angles, however the twenty-four Cu-Cu 
vectors vary considerably from 3.204(4) to 3.460(4)A. The lanthanum 
cube is also very close to the ideal, with a maximum deviation of 
3.3° (av. deviation = 2.0°) from 90° of the surface angles, and the 
La-La edge distances fairly consistent, varying from 6.301(2) to 
6.705(2)A. 
The La 8 Cu 12 (OH) 24 core structure can also be explained by 
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regarding each La and its three nearest Cu atoms as forming a tetra-
hedron. On each of the three LaCu 2 faces of the tetrahedron there is 
a .13_ OH ion bridging the three metal atoms. Each Cu atom is part of 
two such tetrahedra. There are several close intermetallic distances 
with each of the eight La atoms having three close contacts to Cu 
atoms (as described earlier) at distances varying from 3.437(3) to 
3.625(3)A. 
As the compound has an inversion centre there are four crystal-
lographically unique La atoms and six unique Cu atoms. Each of the 
six coppers is to the first approximation four coordinate being bound 
to four 9 3 -oxygens (from hydroxide ions). Data concerning their 
coordination geometry is given in table 4.5. All these Cu atoms have 
square planar coordination geometries, with each of the Cu atoms plus 
the four bound oxygen atoms comprising a well defined plane [Cu(2) is 
the least planar with an average deviation of 0.0318A from the mean 
plane]. The largest distortion for each of the Cu atoms is apparent 
in the angles between adjacent donor atoms [Cu(2) is most distorted 
with largest and smallest adjacent angles of 79.5(9) and 99.9(6) and 
Cu(5) being the least distorted with angles of 85.7(6) and 94.0(5)°]. 
The Cu-O(hydroxide) bond lengths (maxima and minima for each Cu atom 
is given in table 4.5) vary from 1.917(14) to 1.994(13)A which is 
comparable to the Cu-O distances in Cu(OH) 2 127 (1.93A) where the 
hydroxides are 9 2 bridging. There are also long range Cu-O contacts 
for all the Cu atoms apart from Cu(1). The copper atoms Cu(2), Cu(3) 
and Cu(5) have long rang contacts which involve a nitrate ion which 
is at the centre of the La 8 Cu 12 (OH ) 24 core, and thus is disordered, 
i.e. an NO 3 unit cannot be ordered and lie on an inversion centre 
(see disorder model appendix 4.3). The other long range contacts [to 
Cu(4), Cu(6) and Cu(2)] are to nitrate ions which form part of the 
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organic sheath around the inorganic core. These long range Cu-0 con-
tacts are given in table 4.5. 
Table 4 	Qfl bond lengths and j..g range environment. 
Atom Cu-OH range long range interactions Coordination 
(Atom, distance/A) Numbe?. 
 1.952(13)-l.976(14) - [4] 
 1.917(14)-l.983(14) 0(42n) at 2.466(17) [4 + 2] 
0(05n)" at 2.40(4) 
0(06n)" at 2.46(3) 
 1.943(14)-1.967(14) 0(06n)b at 2.52(3) [4 + 0.51 
 1.923(14)-l.953(14) 0(52n) at 2.376(18) [4 + 1] 
 1.949(13)4.994(13) 0(05n)b at 2.52(4) [4 + 0.5] 
 1.935(15)-l.983(15) 0(33n) at 2.409(20) [4 + 1] 
notes: 
:- All O(hydroxide) donors are 9 3 and all O(nitrate) donors are 
except 0(42n) which is (shared with La(3)]. 
Atom with an apostrophe are related to their equivalents by the 
symmetry operation (-x, -y, 1-z). 
The coordination number is given [N° of short interactions + N° 
long range interactions]. 
These atoms half weight as they belong to the disordered ni-
trate at the centre of the La 8Cu 12(OH)24 . 
The extra coordination observed for Cu(3) to Cu(6) occurs in an 
approximated axial position. For these copper atoms the average 
deviation from 90° of the O(planar)-Cu-O(axial) angles are 770 for 
Cu(3), 770 for Cu(4) , 7.1° for Cu(S) and for Cu(6) 6.6°. The long 
range contacts for Cu(2) are comprised of a full weight nitrate group 
in a roughly axial position above the square plane and either one or 
the other half weight nitrate oxygen (from the central nitrate) in an 
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equivalent axial coordination site below the square plane (see figure 
4.13). 
Figure 4.13. The coordination environment og Cu(2) in (20). 
0(060) 	
10105n 
As can be seen in figure 4.13 these long range interactions for 
Cu(2) are considerably distorted from their idealised axial positions 
(with deviations of 930 for 0(42n), 11.6° for 0(05n) and 9.1° for 
0(06)' from 90° in the 0(planar)-Cu-0(axial) angles). The average esd 
of the O(planar)-Cu-O(axial) angles is 0.7°. 
The coordination geometries of the four unique lanthanum atoms 
are considerably different from each other. Table 4.6 summarises the 
coordination of each of the lanthanums and gives a shorthand descrip-
tion of the bonding mode of the ligand. 
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Table 4 The coordination geometries of the lanthanum atoms. 
Atom Coordination Bound to. La-0 dist./A 
Number (group, bonding mode) 
La(1) [10] 3 x .t3-O(hydroxide) 2.590-2.631 
1 x O(pyridone) 2.399 
2 x bidentate nitrates 2.593-2.766 
2 x monodentate nitrates 2.622,2.557 
La(2) [9] 3 x p.3-O(hydroxide) 2.575-2.67 1 
3 x O(pyridone) 2.375-2.470 
1 x bridging nitrate 2.637 
2 x O(water) 2.592-2.601 
La(3) [10] 3 x 93-0(hydroxide) 2.565-2.718 
1 x O(pyridone) 2.386 
2 x bidentate nitrates 2.610-2.671 
2 x bridging nitrates 2.451-2.684 
La(4) [8.47] 3 x 93-0(hydroxide) 2.599 
on average 1 x O(pyridone) 2.365 
3 x bidentate nitrates' 2.45-2.86(3) 
1 x O(water)b 2.67(6) 
notes 
:- Average esd on La-0 bond lengths is 0.018A except where stated. 
:- Except for the p. 3 -0(hydroxides) all donor atoms are mononucleat-
ing. 
Two of these nitrates are three quarter weight, the third has a 
site occupancy factor of 62%. 
This water molecule is bound to La(4) when one of the three 
quarter weight nitrates is not (i.e. it is one quarter weight). 
The coordination geometry around each lanthanum atom is not 
easily described with only La(2) conforming to any regular geometry, 
in this case being based on a capped square anti-prism. The La-0 bond 
lengths, which are summarised in table 4.6, vary from 2.365 to 
2.86(3)A. These contacts can be divided into four groups depending on 
which unit the oxygen donor has come from. The shortest La-0 dis-
tances are from contacts to the oxygen atoms from pyridone units (at 
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2.365 to 2.470), the other three groups [i.e. La contacts to O(hy -
droxide), O(water) and O(nitrate)1 are all longer: The La-O(hy-
droxide) distances vary from 2.565 to 2.718A and have an average 
distance of 2.61A; the La-O(water) contacts are reasonably invariant 
with a range of 2.592 to 2.67(6)A and an average bond length of 
2.62A; and finally the La-O(nitrate) which has a wide range of bond 
lengths (2.45(3)-2.86(3)A) reflecting the several types of bonding 
modes observed, the average bond length to these oxygens is 2.64A. 
The average esd of the La-0 bond lengths quoted is 0.018A except 
where stated. 
There are four different ligating units in this structure, 
hydroxide, water, nitrate and protonated pyridone units. The twenty-
four hydroxide 'ligands' are all trinucleating with each unit being 
bound to one La and two Cu atoms, in so doing binding these metal 
atoms into the La 8 Cu 12 core. There are three unique water molecules 
(one of which is a quarter weight) in the structure; these are all 
mononucleating to La atoms. In this structure, unlike all the pre-
vious mixed Cu-Ln structures discussed, the pyridone ligands are all 
protonated and do not play a significant role in the binding of the 
structure, there are eight unique HLMe units (one of which is half 
weight) in this structure two of these are unbound. The rest are 
mononucleating through the oxygen to La atoms. Of the twelve unique 
nitrate units in (20) only one and an alternate position for a second 
(at 38% site occupancy) are unbound, the other are involved in the 
binding of the structure in a variety of ways. Two nitrate units 
[both bound to La(l)] are monodentate. Seven nitrates (including one 
at 62% and two at 75% site occupancy) adopt the previously observed 
binding mode for the nitrate ion for these mixed La-Cu species, that 
- 	is bidentate to a La atom. Two nitrate units are bridging via two of 
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its oxygen donors, one of these bridges La(3) to Cu(6)' the second of 
these bridges three metal centres, as one of its oxygens is bi-
nucleating, this nitrate bridges two La atoms along one edge of the 
'La cube' [La(2) and La(3)] and to the Cu atom located approximately 
down this axis [Cu(2)]. The final nitrate unit (at a half weight) is 
located at the 	centre 	of the La 8 Cu 12 (OH ) 24 core on 	the inversion 
centre, although this unit is not closely bound to anything there are 
several long range interactions between two of the oxygen atoms of 
this nitrate and the metal atoms Cu(2), Cu(3) and Cu(S). 
The packing in this structure results in few short inter-molec-
ular interactions, the closest interactions are found to be between 
the cation and the unbound pyridone rings at 2.79 and 2.77A. The 
closest inter-cation interaction is between nitrate oxygens and ring 
carbons at 3.31A. 
The formation of this species from La(NO 3 ) 3 .6H 20 and (5) is 
remarkable. Presumably the acidic nature of the water bound to the La 
in the hydrated lanthanum nitrate must protonate the pyridone rings 
in (5), facilitating the breakdown of the metallocrown and the forma-
tion of the LaCu(OH) units. 
The structure is unprecedented, perhaps most closely resembling 
polyoxovanadate structures in having an oxygen bridged array of metal 
atoms with a large central cavity. Even so (20) is still very differ-
ent with the twelve Cu atoms being closest to the centre, giving a Cu 
lined cavity in a cuboctahedral array. It is therefore unsurprising 
that an anion (nitrate) is located at the centre of this cavity, this 
is in direct contrast to zeolites, where there is a symmetrical array 
of oxygen bridged metal atoms around a large cavity in which a posit-
ively charged ion can be situated. 
The small amount of this product isolated precluded any physi- 
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cal studies .being carried out. 	This mixed phase synthesis of (20) is 
far from ideal as effective isolation 	of the pale blue product was 
only ever achieved by manual separation which limits the yield. Other 
separation routes were tried but these led to the decomposition or 
degradation 	of the product. 	Several other attempts to prepare 	(20) 
via a more satisfactory route where attempted with limited success. 
The reaction of (5) (in CH 2 C1 2) with La(NO 3 ) 3 .6H 2O in either ethanol 
or acetone led to formation of the characteristic blue solution. From 
these solutions typically a pale blue powder would result but crys- 
tallisation 	of 	the 	products 	proved 	difficult. 	From the 	reaction 	in 
acetone a sample of a micro-crystalline blue product formed, however 
successful 	analysis 	of 	this 	product 	has 	yet 	to 	be 	attained. 	The 
characterisation of the products formed from these reactions is 	not 
straightforward as 	C. 	H. 	N. 	analysis is unreliable on such a large 
species [since the number and stoichiometry of the peripheral shell 
of HLMe, NO 	and H 2O is probably not fixed, as indicated by the 
disorder in (20)]; no molecular ion was observed in FABMS and the 
number and close proximity of lines in x-ray powder diffraction made 
any assignment speculative. 
In other attempts to react La(NO 3 ) 3 .6H 2 O and other lanthanoids 
with (5) under non methanolic conditions [by either a mixed phase 
synthesis or with (5) dissolved in ethanol or acetone] a characteris-
tic blue colour would develop, however isolation of a crystalline or 
even homogeneous product has not yet been achieved. 
4.4 Magnetic Measurement Studies. 
The variable temperature magnetic measurements for a number of 
these compounds discussed in this chapter are currently being carried 
out [for (13), (15), (17), and (18)]. Initial results on the Gd 2 Cu 2 
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species [(17)] indicates that there is ferromagnetic coupling between 
the lanthanoid and copper centres and anti-ferromagnetic coupling 
between the two copper centres, with this latter interaction found to 
be the more dominant of the two interactions. This result is perhaps 




The reactions of (5) in CH 2 C1 2 with various lanthanoid nitrates 
were carried out under similar reaction conditions, the same basic 
reaction is described in detail for (13) and for subsequent reactions 
(14) to (19) only the amounts and any differences from this synthesis 
are recorded. 
[CuLa(LMe 23 12(MeO(HLMe)(MeOH) 212 Ith: [Cu6(LMe) 12Na] (NO3) 
(5) (0.29 mmol) was dissolved in CH 2 C1 2 (30m1), giving a dark green 
solution. Hydrated lanthanum nitrate (1.74 mmol) was dissolved in 
methanol (lOmi) and added to the solution of (5). The solution paled 
to a light green/blue and was filtered. This solution was evaporated 
until only about 3 ml of the solution remained and was refiltered. 
Diffusion of diethyl-ether into this solution led to the formation of 
emerald green crystals over a period of three weeks. Recrystallised 
yield of (13) is 25%. 
[CuCe(LMe) 2 (N032(MeO(HLMe)(MeOrn 212 (j: (5) (0.21 mmol) in 
CH 2 C1 2 (15m1) was reacted with Ce(NO 3) 3 .6H 2 0 (1.28 mmol) in MeOH 
(5m1) in a similar manner to (13) to give a green crystalline mater-
ial in 18% yield. 
FCuNd(LMe 2(NO32(MeO)(HLMe(MeOH 212 uj: (5) (0.08 mmol) in 
CH 2 C1 2 (20m1) was reacted with Nd(NO 3 ) 3 .6H20 (0.49 mmol) in MeOH 
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(5m1) in a similar manner to (13) to give a green crystalline mater -
ial in 29% yield. 
1CuSm(LMe 2(NO3).2(MeO(MeOH 312 LW: (5) (0.04 mmol) in CH 2C12
(lOmi) was reacted with Sm(NO 3) 3 .6H 20 (0.31 mmol) in MeOH (5m1) in a 
similar manner to (13) to give a green crystalline material in 32% 
yield. 
FCuGd(LMe) 2(NO42(MeO(HLMe)(MeOH1 2 Ufl: (5) (0.08 mmol) in 
CH 2 C1 2 (20m1) was reacted with Gd(NO 3 ) 3 .6H 20 (0.49 mmol) in MeOH 
(5m1) in a similar manner to (13) to give a green crystalline mater-
ial in 27% yield. 
FCuDy(LMe') 2(NO42(MeO(HLMe(MeOH)1 2 L: (5) (0.08 mmol) in 
CH 2 C1 2 (20m1) was reacted with Dy(NO 3 ) 3 .5H 20 (0.49 mmol) in MeOH 
(5m1) in a similar manner to (13) to give a green crystalline mater-
ial in 37% yield. 
[CuYb(LMe2(NO32(MeO(HLMe(MeOH)12 LM: (5) (0.21 mmol) in 
CH 2 C1 2 (30m1) was reacted with Yb(NO 3 ) 3 .5H 2 0 (1.25 mmol) in MeOH 
(lOml) in a similar manner to (13) to give a green crystalline mater-
ial in 27% yield. 
The reaction of Er(NO 3 ) 3 .5H 2 0 in methanol with a dichlorome-
thane solution of (5) results in the formation of a green crystalline 
solid, Characterisation by x-ray analysis where not performed on this 
species, however C.H.N. analysis on this product suggests a stoichio-
metry similar to (17), (18) and (19). The synthesis of this product 
was similar to (1) with the following details: (5) (0.41 mmol) in 
CH 2 C1 2 (lOmi) was reacted with Er(NO 3 ) 3 .5H 20 (0.25 mmol) in MeOH 
(5m1) in a similar manner to (13) to give a green crystalline mater -
ial in 37% yield. 
[La 8 Cu 12(OH) 24 (NO 3) 212(HLMe) 13 (H 20) 5 51  (HLMe) 2(NO 3) 28 (CH 2 C1) 
(20): [Cu 6(LMe)12Na](NO3) (5) (0.03 mmol) was dissolved in CH 2C12(10 
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ml), giving a deep green solution to which was added solid 
La(NO3)3 .6H20 
(0.23 mmol). The green solution gradually paled to a light blue 
colour over the course of a several hours and after four days the 
solution had totally lost all colour.. During this period a small 
quantity of light blue crystals had developed, which were manually 
separated from the white solid at the bottom of the reaction vessel. 
As the isolation of the crystalline product involved manual separa-
tion of the crystals the yield was very low (c.a. 5%). 
4.5.2 Physical Measurements. 
As all the mixed Cu-Ln complexes described in this chapter are 
insoluble and in some cases the reaction yields are very low 	[e.g. 
for (20)] this limited the number of physical measurements performed. 
For all samples apart from (20), elemental analysis was performed. 
The results are presented in table 4.7. 
Table 42 Elemental Data for Comr,ounds in Chapter 3, 
compound formula 	 Analysis (Calculated values) 
%C %N %H 
13 (CuLa(LMe) 2(NO 3 ) 2 (UeO)(HLMe)(MeOH).,] 2 33.1(33.7) 9.3(8.8) 4.2(4.0) 
14 [CuCe(LMe) 2 (NO 3 ) 2 (MeO)(HLMe)(MeOH) 2 ] 2 32.4(33.7) 9.3(9.4) 3.9(4.0) 
15 [CuNd(LMe) 2 (NO 3 ) 2(MeO)(HLMe)(MeOH) 2 ] 2 31.5(33.5) 9.3(8.8) 4.0(4.0) 
16 (CuSm(LUe) 2 (NO 3 ) 2(MeO)(MeOH) 3 ] 2 28.2(27.5) 8.2(8.0) 4.0(4.0) 
17 [CuGd(LMe) 2 (NO 3 ) 2 (MeO)(HLMe)(MeOH)] 2 ' 2MeOH 31.8(32.9) 8.8(9.2) 3.9(3.9) 
18 [CuDy(LMe)2 (NO 3 ) 2 (MeO)(HLMe)(MeOH)]
2
' 2MeOH 32.3(32.7) 9.1(9.0) 3.9(4.0) 
19 [CuYb(LMe)2 (NO 3 )2 (MeO)(HLMe)(pdeoff)] 2 31.6(32.1) 9.2(9.4) 3.5(3.5) 
13 (CuEr(LMe) 2 (NO 3 ) 2 (MeO)(HLI&e)(MeOH)] 2 .2MeOH' 31.7(32.5) 8.9(9.0) 4.1(3.9) 
Variable temperature magnetic measurements on (13), (15), (17), 
(18) and the 'Er2Cu2 ' product are at present being carried out. 
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The infra red spectra was recorded for all samples and used as 
a crude diagnostic for each structural type. The v(C=O) stretches for 
the Ln 2 Cu 2  series of compounds are observed at circa 1650cm' and 
1605cm 1 . The data were recorded as described in chapter 2. 
4.5.3 X-Ray Structural Determination. 
A summary of crystal data and intensity measurements for com-
pounds (13) to (20) are given in table 4.8. All data were recorded 
and processed using a Stoë STADI-4 four-circle diffractometer, with 
graphite monochromated Mo-Kc X-radiation (lambda = 0.71073) and 
omega-20 scans with the 'learnt profile' method (W.Clegg, Acta. 
Cryst.,sect A,1981,37,22). The structures were solved by heavy atom 
methods and iterative difference Fourier synthesis, with all calcu-
lations using SHELX76 (G. M. Sheldrick, University of Cambridge, 
England 1976). Structures (13) to (19) where all refined anisotropic-
ally (including H atoms 
in calculated positions). For structure (20) the structure was re-
fined 
with metal atoms and oxygen atoms of hydroxide ions anisotropic and 
the rest of the atoms isotropic (H atoms are included in calculated 
positions for ordered rings). The structures (16) and (20) exhibit 
disorder. Description of these disorders and the models employed are 
given in appendices 4.2 and 4.3 [for (16) and (20) respectively]. 
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Absorption correction 
( 1 ) 
no. of unique data 
no. observed data 





Weighting Scheme   as w 
Goodness of fit (S) 
Residual e density 
-3 
(eA ) 
unit cell measured on:-
no. reflections 
at +omega 

















1.20 x 0.50 x 0.50 































0.80 x 0.22 x 0.23 































0.12 x 0.41 x 0.51 















All of the molecules lie on an inversion centre. 
a) Weighting scheme as ct2 (F)-wF2 . 
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Table 4.8 cont.: Crystallographic Data for (16), (17) and (18). 























range of 20 
Absorption correction 
( 1 ) 
no. of unique data 
no. observed data 




Weighting Scheme  as w 
Goodness of fit (S) 
Residual e density 
-3 
(eA ) 
unit cell measured on:-
no. reflections 
at +omega 

















0.35 x 0.19 x 0.10 































0.14 x 0.19 x 0.27 















































All of the molecules lie on an inversion centre. 
See dissorder model for (16) appendix 4.1 
Weighting scheme as c2 (F)-wF2 . 
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0.19 x 0.23 x 0.64 



























0.14 x 0.14 x 0.21 
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no. of unique data 
no. observed data 




weighting Scheme  as w 
Goodness of fit (S) 
Residual e density 
-3 
(eA ) 










All of the molecules lie on an inversion centre. 
See dissorder model for (20) appendix 4.2 
Weighting scheme as a 2(F)-wF. 
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Appendix 4.1: Selected Bond Lengths and Angles for (13) to (19). 
1) Bond Lengths and Angles for (13). 
Selected bond lengths (A) with standard deviations. 
La(1) -O(1R) 2.401( 	9) La(1) 	-0(3M) 2.560( 	8) 
La(1) -0(3R) 2.409( 	8) La(1) -0(2RA) 2.410( 	8) 
La(1) -0(11N) 2.699(10) Cu(1) 	-N(2R) 2.005( 	9) 
La(1) -0(21N) 2.676(10) Cu(1) -N(3R) 1.965( 	9) 
La(1) -0(12N) 2.585( 	8) Cu(1) 	-0(1M) 1.965( 	7) 
La(1) -0(22N) 2.632( 	8) Cu(1) -O(1MA) 1.972( 	7) 
La(1) -0(2M) 2.588( 	9) 
Selected angles 	(0) with standard deviations. 
O(1R) -La(1) -0(3R) 83.6( 3) 0(21N)-La(1) -0(12N) 75.9( 3) 
0(1R) -La(1) -0(11N) 69.3( 3) 0(21N)-La(1) -0(22N) 70.2( 3) 
O(1R) -La(1) -0(21N) 116.1( 3) 0(21N)-La(1) -0(2M) 71.0( 3) 
O(1R) -La(1) -0(12N) 34.9( 3) 0(21N)-La(l) -0(3M) 134.9( 3) 
O(1R) -La(1) -0(22N) 131.6( 3) 0(21N)-La(1) -0(2RA) 83.5( 3) 
O(1R) -La(1) -0(2M) 79.0( 3) 0(12N)-La(1) -0(22N) 48.5( 3) 
O(1R) -La(1) -0(3M) 77.4( 3) 0(12N)-La(1) -0(2M) 131.3( 3) 
O(1R) -La(1) -0(2RA) 150.0( 3) 0(12N)-La(1) -0(3M) 149.0( 3) 
O(3R) -La(1) -0(11N) 137.4( 3) 0(12N)-La(1) -0(2RA) 123.4( 3) 
O(3R) -La(1) -0(21N) 146.1( 3) 0(22N)-La(1) -0(2M) 138.8( 3) 
O(3R) -La(1) -0(12N) 79.1( 3) 0(22N)-La(1) -0(3M) 134.7( 3) 
0(3R) -La(1) -0(22N) 76.1( 3) 0(22N)-La(1) -0(2RA) 74.9( 3) 
O(3R) -La(1) -0(2M) 142.4( 3) 0(2M) -La(1) -0(3M) 70.0( 3) 
0(3R) -La(1) -0(3M) 73.8( 3) 0(2M) -La(1) -0(2RA) 87.3( 3) 
O(3R) -La(1) -0(2RA) 91.7( 3) O(3M) -La(1) -0(2RA) 72.9(  
0(11N)-La(1) -0(21N) 47.0( 3) N(2R) -Cu(1) -N(3R) 97.8(  
0(11N)-La(1) -0(12N) 66.6( 3) N(2R) 	-Cu(1) -O(1M) 95.7( 3) 
0(11N)-La(1) -0(22N) 97.5( 3) N(2R) -Cu(1) -O(1MA) 153.5( 3) 
0(11N)-La(1) -0(2M) 64.8( 3) N(3R) -Cu(1) -0(1M) 151.8( 3) 
0(11N)-La(1) -0(3M) 127.5( 3) N(3R) -Cu(1) -0(1MA) 96.5( 3) 
0(11N)-La(1) -0(2RA) 127.9( 3) O(1M) -Cu(1) -O(1MA) 81.6( 3) 
Atoms with the postscript !A are related to their equivalents by the 
symmetry operation (1-x, -y, l-z). 
ii) Bond Lengths and Angles for (14). 
a) Selected bond lengths (A) with standard deviations. 
Ce(1) -0(1R) 2.393( 	5) Ce(1) -0(3M) 	2.522( 	5) 
Ce(1) -0(3R) 2.387( Ce(1) -0(2RA) 2.369( 4) 
Ce(1) -O(11N) 2.676( 6) 	Cu(1) -N(2R) 	1.995( 	5) 
Ce(1) -0(21N) 2.675( 6) Cu(1) -N(3R) 1.972( 	5) 
Ce(1) -0(22N) 2.632( Cu(1) -0(1M) 	1.953( 	4) 
Ce(1) -0(12N) 2.595( 5) 	Cu(1) -0(1MA) 1.962( 	4) 
Ce(1) -0(2M) 2.606( 5) 
b) 	Selected angles 	(°) with standard deviations. 
O(1R) -Ce(1) -0(3R) 85.27(17) 0(21N)-Ce(l) -0(22N) 67.00(17) 
O(1R) -Ce(1) -0(11N) 69.08(18) 0(21N)-Ce(1) -0(12N) 72.17(17) 
O(1R) -Ce(1) -0(21N) 116.46(18) 0(21N)-Ce(1) -0(2M) 70.61(17) 
O(1R) -Ce(1) -0(22N) 131.01(17) 0(21N)-Ce(1) -0(3M) 138.39(16) 
O(1R) -Ce(1) -0(12N) 84.10(17) 0(21N)-Ce(l) -0(2RA) 83.42(16) 
O(1R) -Ce(1) -0(2M) 84.16(17) 0(22N)-Ce(1) -0(12N) 48.87(16) 
O(1R) -Ce(1) -0(3M) 75.87(17) 0(22N)-Ce(1) -0(2M) 133.88(16) 
O(1R) -Ce(1) -0(2RA) 149.93(17) 0(22N)-Ce(1) -0(3M) 136.78(15) 
O(3R) -Ce(1) -0(11N) 136.73(17) 0(22N)-Ce(1) -0(2RA) 76.32(15) 
0(3R) - Ce(1) -0(21N) 141.79(17)--- 0(12N)-Ce(1)-.'0(2M) 130.34(16) 
O(3R) -Ce(1) -0(22N) 75.04(15) 0(12N)-Ce(1) -0(3M) 143.80(15) 
O(3R) -Ce(1) -0(12N) 79.96(16) 0(12N)-Ce(1) -0(2RA) 124.95(15) 
O(3R) -Ce(1) -0(2M) 146.32(16) 0(211VI) 	-Ce(1) --0(3M) 71.59(16) 
O(3R) -Ce(1) -0(3M) 74.83(15) O(2M) -Ce(1) -0(2RA) 81.70(15) 
O(3R) -Ce(1) -0(2RA) 91.97(15) O(3M) -Ce(1) -0(2RA) 74.51(15) 
0(11N)-Ce(1) -0(21N) 47.45(18) N(2R) -Cu(1) -N(3R) 97.32(21) 
0(11N)-Ce(1) -0(22N) 95.74(17) N(2R) -Cu(1) -0(1M) 96.08(19) 
O(11N)--Ce(1) -0(12N) 63.74(17) N(2R) -Cu(1) -O(1MA) 153.61(19) 
0(11N)-Ce(1) -0(2M) 66.98(17) N(3R) -Cu(1) -0(1M) 152.90(19) 
0(11N)-Ce(1) -0(3M) 127.36(17) N(3R) -Cu(1) -0(1MA) 96.62(19) 
0(11N)-Ce(1) -0(2RA) 127.48(16) 0(1M) 	-Cu(1) -O(1MA) 81.11(17) 
Atoms with the postscript A' are related to their equivalents by the 
symmetry operation (1-x, -y, -z). 
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iii) Bond Lengths and Angles for (15). 
Selected bond lengths (A) with standard deviations. 
Nd(1) -O(1R) 2.345( 	4) Nd(1) 	-0(3M) 2.513( 4) 
Nd(1) -0(3R) 2.362( 	4) Nd(1) -0(2RA) 2.363( 4) 
Nd(1) -0(11N) 2.656( 	4) Cu(1) 	-N(2R) 1.989( 4) 
Nd(1) -0(21N) 2.593( 	4) Cu(1) -NOR) 1.981( 4) 
Nd(1) -0(12N) 2.545( 4) Cu(1) 	-0(1M) 1.958( 4) 
Nd(1) -0(22N) 2.579( 	4) Cu(1) -0(1MA) 1.959( 4) 
Nd(1) -0(2M) 2.533( 	4) 
Selected angles (°) with standard deviations. 
O(1R) -Nd(1) -0(3R) 84.88(13) 0(21N)-Nd(1) -0(12N) 75.99(12) 
o(1R) -Nd(1) -0(11N) 68.43(13) 0(21N)-Nd(1) -0(22N) 69.91(12) 
O(1R) -Nd(1) -0(21N) 116.90(13) 0(21N)-Nd(1) -0(2M) 70.65(12) 
0(1R) -Nd(1) -0(12N) 84.94(13) 0(21N)-Nd(1) .-0(3M) 134.30(12) 
0(1R) -Nd(1) -0(22N) 132.79(13) 0(21N)-Nd(1) -0(2RA) 82.64(12) 
O(1R) -Nd(1) -0(2M) 79.58(13) 0(12N)-Nd(1) -0(22N) 49.83(12) 
O(1R) -Nd(1) -0(3M) 77.27(13) 0(12N)-Nd(1) -0(2M) 131.07(12) 
O(1R) -Nd(1) -O(2RA) 149.26(13) 0(12N)-Nd(1) -0(3M) 149.47(12) 
0(3R) -Nd(1) -0(11N) 138.27(12) 0(12N)-Nd(1) -0(2RA) 124.35(12) 
0(3R) -Nd(1) -0(21N) 145.61(12) 0(22N)-Nd(1) -0(2M) 137.70(12) 
0(3R) -Nd(1) -0(12N) 80.20(12) 0(22N)-Nd(1) -0(3M) 134.06(12) 
0(3R) -Nd(1) -0(22N) 75.80(12) 0(22N)-Nd(1) -0(2RA) 74.64(12) 
0(3R) -Nd(1) -0(2M) 142.77(12) 0(2M) -Nd(1) -0(3M) 69.96(12) 
0(3R) -Nd(1) -0(3M) 73.72(12) 0(2?vl) 	-Nd(1) -0(2RA) 85.82(12) 
0(3R) -Nd(1) -0(2RA) 90.86(12) 0(3M) -Nd(1) -0(2RA) 72.32(12) 
0(11N)-Nd(1) -0(21N) 48.69(12) N(2R) -Cu(1) -N(3R) 98.49(17) 
0(11N)-Nd(1) -0(12N) 66.48(12) N(2R) -Cu(1) -O(1M) 95.56(16) 
0(11N)-Nd(1) -0(22N) 98.92(12) N(2R) -Cu(1) -O(1MA) 152.27(16) 
0(11N)-Nd(1) -0(2M) 64.64(12) N(3R) 	-Cu(1) -0(1M) 150.44(16) 
0(11N)-Nd(1) -0(3M) 126.60(12) N(3R) -Cu(1) -0(1MA) 96.95(16) 
0(11N)-Nd(1) -0(2RA) 128.29(12) 0(1M) -Cu(1) -0(1MA) 81.80(14) 
Atoms with the postscript A' are related to their equivalents by the 


















0(1M) -Sm(1) -0(2M) 
0(1M) -Sm(1) -0(4M) 
0(1M) -Sm(1) -0(1R') 
0(2M) -Sm(1) -0(4M) 
0(2M) -Sm(1) -0(1R' 
0(4M) -Sm(1) -0(1R 9 ) 
N(1R) -Cu(1) -N(2R) 
N(1R) -Cu(1) -0(3M) 
N(1R) -Cu(1) -0(3M' 
N(2R) -Cu(1) -0(3M) 
N(2R) -Cu(1) -0(3M' 





























iv) Bond Lengths and Angles for (16). 
Selected bond lengths (A) with standard deviations. 
Sm(1) -0(2R) 2.315( 	8) Sm(1) -0(2M) 2.472( 9) 
Sm(1) -0(11N) 2.641( 	9) Sm(1) -0(4M) 2.427( 9) 
Sm(1) -0(21A) 2.515(17) Sm(1) -0(1R') 2.298( 9) 
Sm(1) -0(21B) 2.634(16) cu(1) -N(1R) 1.999(10) 
Sm(1) -0(12N) 2.513( 	9) Cu(1) -N(2R) 1.970(10) 
Sm(1) -0(22A) 2.756(16) Cu(1) -0(3M) 1.968( 8) 
Sm(1) -0(22B) 2.381(18) Cu(l) -0(3M') 1.952( 8) 
Sm(1) -O(1M) 2.464(11) 
Selected angles (°) with standard deviations. 
0(2R) -Sm(1) -0(11N) 138.5( 3) 
0(2R) -Sm(1) -0(21A) 136.8( 4) 
0(2R) -Sin(1) -0(21B) 149.0( 4) 
0(2R) -Srn(1) -0(12N) 80.8( 3) 
0(2R) -Sm(1) -0(22A) 69.3( 4) 
0(2R) -Sm(1) -0(22B) 79.6( 5) 
0(2R) -Sm(1) -O(1M) 141.7( 3) 
0(2R) -Sni(1) -0(2M) 	70.1( 3) 
0(2R) -Sm(1) .-0(4M) 84.4( 3) 
0(2R) -Sm(1) -O(1R') 92.0( 3) 
0(11N)-Sm(1) -0(21A) 51.5( 4) 
0(11N)-Sm(1) -0(21B) 49.5( 4) 
0(11N)-Sm(1) -0(12N) 65.4( 3) 
0(11N)-Srn(1) -0(22A) 100.6( 4) 
0(11N)-Sm(1) -0(22B) 98.1( 5) 
0(11N)-Sm(1) -O(1M) 64.8( 3) 
0(11N)-Sin(1) -0(2M) 124.6( 3) 
0(11N)-Sni(1) -0(4M) 64.6( 3) 
0(11N)-Sni(1)--O(1R') 127.5(3) 
0(21A)-Sm(1) -0(12N) 68.9( 4) 
0(21A)-Sin(1) -0(22A) 67.5( 5) 
0(21A)-Sin(1) -O(1M) 80.9( 5) 
0(21A)-Sin(1) -0(2M) 148.5( 4) 
0(21A)-Sm(1) -0(4M) 114.7( 4) 
0(21A)-Sni(1) -0(1R') 84.0( 4) 
0(21B)-Sm(1) -0(12N) 80.6( 4) 
0(21B)-Sm(1) -0(22B) 69.3( 6) 
0(21B)-Sin(1) -O(1M) 68.0( 4) 
0(21B)-Sm(1) -0(2M) 135.8( 4) 
Atoms with the postscript A' or B' are half weight. 
Atoms with an apostrophe are related to their equivalents by the 
symmetry operation (-x, -y, -z). 
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v) Bond Lengths and Angles for (17). 
a) Selected bond lengths (A) with standard deviations. 
Gd(1) -O(1R) 2.289( 5) Gd(1) -0(2M) 2.385( 5) 
Gd(1) -0(2R) 2.264( 5) Gd(l) -0(3RA) 2.263( 4) 
Gd(1) -0(11N) 2.471( 5) Cu(1) -N(2R) 1.975( 5) 
Gd(1) -0(21N) 2.510( 5) Cu(1) -N(3R) 1.960( 6) 
Gd(1) -0(12N) 2.429( 6) Cu(1) -0(1M) 1.970( 4) 
Gd(1) -0(22N) 2.523( 5) Cu(1) -O(1MA) 1.947( 4) 
b) Selected angles (°) with standard deviations. 
O(1R) -Gd(1) -0(2R) 153.18(17) 0(11N)-Gd(1) -0(3RA) 83.93(16) 
O(1R) -Gd(1) -0(11N) 129.41(17) 0(21N)-Gd(1) -0(12N) 72.03(19) 
O(1R) -Gd(1) -0(21N) 78.17(17) 0(21N)-Gd(1) -0(22N) 118.75(17) 
O(1R) -Gd(1) -0(12N) 87.18(19) O(21N)-Gd(1) -0(2M) 150.11(17) 
O(1R) -Gd(1) -0(22N) 78.89(18) 0(21N)-Gcl(1) -0(3RA) 82.59(16) 
O(1R) -Gd(1) -0(2M) 78.78(18) 0(12N)-Gd(1) -0(22N) 50.83(19) 
O(1R) -Gd(1) -0(3RA) 92.70(17) 0(12N)-Gd(1) -0(2M) 125.39(19) 
0(2R) -Gd(1) -0(11N) 76.93(17) 0(12N)-Gd(1) -0(3RA) 154.11(18) 
0(2R) -Gd(1) -0(21N) 128.17(16) 0(22N)-Gd(1) -0(2M) 74.65(17) 
0(2R) -Gd(1) -0(12N) 96.03(19) 0(22N)-Gd(1) -0(3RA) 154.13(16) 
0(2R) -Gd(1) -0(22N) 82.60(17-) 0(2M)--Gd(1) -0(3RA) 79.75(17). 
0(2R) -Gd(1) -0(2M) 77.70(17) N(2R) 	-Cu(1) -N(3R) 97.09(23) 
0(2R) -Gd(1) -0(3RA) 95.63(16) N(2R) -Cu(1) -O(1M) 153.47(20) 
0(11N)-Gd(1) -0(21N) 51.30(16) N(2R) -Cu(1) -O(1MA) 97.28(20) 
0(11N)-Gd(1) -0(12N) 76.33(19) N(3R) -Cu(1) -O(1M) 95.10(21) 
0(11N)-Gd(1) -0(22N) 120.32(17) N(3R) 	-Cu(1) -O(1MA) 153.83(21) 
0(11N)-Gd(1) -0(2M) 148.17(17) 0(1M) 	-Cu(1) -O(1MA) 81.35(18) 
Atoms with the rA are related to their equivalents by the symmetry 
operation (1-x, -y, 1-z). 
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vi) Bond Lengths and Angles for (18). 
a) Selected bond lengths (A) with standard deviations 
Dy(1) -0(1R) 2.256( 4) Dy(1) -0(2M) 2.357( 4) 
Dy(1) -0(2R) 2.219( 4) Dy(1) -0(3RA) 2.230(  
Dy(1) -0(11N) 2.464( 4) Cu(1) -N(2R) 1.986(  
Dy(1) -0(21N) 2.476( 4) Cu(1) -NOR) 1.977( 5) 
Dy(1) -0(12N) 2.437( 5) Cu(1) -O(1M) 1.972( 4) 
Dy(1) -0(22N) 2.520( 4) Cu(1) -O(1MA) 1.956( 4) 
b) Selected angles (°) with standard deviations. 
O(1R) -Dy(1) -0(2R) 154.10(15) 0(11N)-Dy(1) -0(3RA) 82.87(15) 
O(1R) -Dy(1) -0(11N) 127.88(15) 0(21N)-Dy(1) -0(12N) 74.84(15) 
O(1R) -Dy(1) -0(21N) 76.12(15) 0(21N)-Dy(1) -0(22N) 119.25(14) 
O(1R) -Dy(1) -0(12N) 91.69(16) 0(21N)-Dy(l) -0(2M) 148.70(15) 
O(1R) -Dy(1) -0(22N) 78.53(15) 0(21N)-Dy(1) -0(3RA) 83.84(15) 
O(1R) -Dy(1) -0(2M) 79.50(15) 0(12N)-Dy(1) -0(22N) 51.77(15) 
O(1R) -Dy(1) -0(3RA) 94.67(15) 0(12N)-Dy(1) -0(2M) 125.53(15) 
0(2R) -Dy(1) -0(11N) 77.19(15) 0(12N)-Dy(1) -0(3RA) 155.58(15) 
0(2R) -Dy(1) -0(21N) 128.80(15) 0(22N)-Dy(1) -0(2M) 73.87(15) 
0(2R) -Dy(1) -0(12N) 89.22(15) 0(22N)-Dy(1) -0(3RA) 152.65(15) 
0(2R) -Dy(1) -0(22N) 81.80(15) 0(2M) -Dy(1) -0(3RA) 78.85(15) 
0(2R) -Dy(1) -0(2M) 78.96(15) N(2R) -Cu(1) -N(3R) 97.79(20) 
0(2R) -Dy(1) -0(3RA) 95.12(15) N(2R) -Cu(1) -0(1M) 152.49(19) 
0(11N)-Dy(1) -0(21N) 51.79(14) N(2R) -Cu(1) -0(1MA) 96.16(19) 
0(I1N)-Dy(1) -0(12N) 74.67(15) N(3R) -Cu(1) -O(1M) 95.42(19) 
0(11N)-Dy(1) -0(22N) 122.29(15) N(3R) -Cu(1) -O(1MA) 152.94(19) 
0(11N)-Dy(1) -0(2M) 148.36(15) O(1M) 	-Cu(1) -O(1MA) 82.36(17) 
Atoms with the postscript A' are related to their equivalents by 
the symmetry operation (1-x, -y, 1-z). 
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vii) Bond Lengths and Angles for (19). 
Selected bond lengths (A) with standard deviations. 
Yb(1) -o(1R) 2.185(10) Yb(1) --0(2M) 2.302( 9) 
Yb(1) -0(2R) 2.190( 	8) Yb(1) -0(3RA) 2.196( 9) 
Yb(1) -0(11N) 2.441( 	9) Cu(1) -N(2R) 1.982(10) 
Yb(l) -0(21N) 2.418(10) Cu(1) -N(3R) 1.990( 9) 
Yb(1) -0(12N) 2.421(10) Cu(1) -O(1M) 1.980( 8) 
Yb(1) -0(22N) 2.486(10) Cu(1) -O(1MA) 1.957( 8). 
Selected angles (°) with standard deviations. 
O(1R) -Yb(1) -O(2R) 155.6( 3) 0(11N)-Yb(1) -0(3RA) 82.9( 3) 
O(1R) -Yb(1) -0(11N) 127.5(  0(21N)-Yb(1) -0(12N) 73.4( 3) 
O(1R) -Yb(1) -0(21N) 74.9(  0(21N)-Yb(1) -0(22N) 121.0( 3) 
O(1R) -Yb(1) -0(12N) 89.9( 4) 0(21N)-Yb(1) -0(2M) 147.7( 3) 
o(1R) -Yb(1) -O(22N) 83.2( 4) 0(21N)-Yb(1) -0(3RA) 83.6( 3) 
O(1R) -Yb(1) -0(21M) 80.2(  0(12N)-Yb(1) -0(22N) 52.2( 3) 
o(1R) -Yb(1) -0(3RA) 96.4(  0(12N)-Yb(1) -0(2M) 127.2( 3) 
0(2R) -Yb(1) -0(11N) 75.8( 3) 0(12N)-Yb(1) -0(3FA) 153.7( 3) 
0(2R) -Yb(1) -0(21N) 128.4( 3) 0(22N)-Yb(1) -0(2M) 75.1( 3) 
0(2R) -Yb(1) -0(12N) 90.9( 3) 0(22N)-Yb(1) -0(3RA) 153.9( 3) 
0(2R) -Yb(1) -0(22N) 78.1( 3) 0(2M) 	-Yb(1) -0(3RA) 79.1(  
0(2R) -Yb(1) -0(2M) 79.9( 3) N(2R) 	-Cu(1) -NOR) 100.4(  
0(2R) -Yb(1) -0(3RA) 93.6( 3) N(2R) 	-CU(i) -0(1M) 151.1( 4) 
O(11N)-Yb(1) -O(21N) 52.7( 3) N(2R) 	-Cu(1) -0(1MA) 94.8( 4) 
0(11N)-Yb(1) -0(12N) 73.1( 3) N(3R) -Cu(1) -0(1M) 94.8(  
0(11N)-Yb(1) -0(22N) 118.0( 3) N(3R) 	-Cu(1) -0(1MA) 152.4(  
0(11N)-Yb(1) -0(2M) 148.7( 3) 0(1M) 	-Cu(l) -O(1MA) 82.3( 3) 
Atoms with the postscript A' are related to their equivalents by 
the symmetry operation (-x, -y, -z). 
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Appendix 4. Disorder Model for (16. 
There is considerable disorder in the coordination sphere of 
the samarium atom in this structure, which is manifest in both the 
bidentate nitrates being disordered over two positions with a common 
oxygen atom (see figure 4.7). 
The model used to describe this disorder involved tying the 
twelve 0 to N bond lengths to a common free variable (which refined 
to convergence at 1.276(3)A). For one of the half weight nitrate 
units it was necessary to fix its planarity by tying the three 0 - 0 
distances of this nitrate [O(lln) - 0(21b), O(lln) - 0(31b) and 
0(21b) - 0(31b)] to root three times the N - 0 bond length free 
variable. 
The site occupancy factor for the four half weight oxygens and 
two half weight nitrogens were not refined, however this was not felt 
necessary as the thermal parameters for these atoms where of a com-
parable order to each other. 
Appendix 43 : 	model for (2O. 
In this structure there is considerable disorder amongst the 
peripheral ligands which is manifest in three distinct sites. 
The first region of disorder is around a HLMe unit (ring 7) 
bound to La(2), this pyridone unit does not refine at full weight 
except for the oxygen atom, and hence was modelled as a half weight 
HLMe unit and a half weight water. Related to this is a second HLMe 
unit (ring 8), which is not bound to a metal. It is disordered over 
two sites with a common oxygen atom [0(8r)] and with a ring carbon 
[C(83a)] of one orientation doubling up as the methyl carbon of the 
other orientation (see figure 4.14). It can be seen from figure 4.14 
(over) that configuration 'B' is spatially very close to the half 
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position 'B' C(84b) 
Ring 7 is only present when ring 8 





weight pyridone unit, ring 7 (with a closest C - C contact of 
1.31(3)A) and hence it can be deduced that the 'A' configuration of 
ring 8 is present when ring 7 is present and the 'B' configuration 
present when .0(7r) is from H 2 0. This was modelled by fixing the site 
occupancy factor (s.o.f.) of the ring carbons and nitrogen of rings 7 
and both positions of 8 to 50% [all except C(83a) which was refined 
at full weight]. 
Figure 4.14 Dissorder apparent in Rings 7 and 8. 
Atoms La(2), 0(7r), 0(8r) and C(83a) are all full weight 
(remaining atoms are half weight). 
The second area of disorder in the structure is around the 
coordination sphere of La(4) (see figure 4.15 over). In fact only 
four atoms bound to La(4) where refined at full weight. There are 
three disordered bidentate nitrates bound to La(4), nitrates 9 and 10 
at three quarter weight and nitrate 13 which is disordered over two 
sites pivoting about a common oxygen atom. There is a seventh disor-
dered atom bound to La(4), 0(15) (from H 20) at a quarter weight, 
which occupies a coordination site close to an oxygen from nitrate 9 






















Y. La(4) (full weight). 
Full weight Atoms. 
0.75 site occupancy factor. 
Atoms Modelled at:: 0.62 site occupancy factor. 
0.38 site occupancy factor. 




This region of disorder was modelled by fixing the s.o.f. of 
the atoms of nitrates 9 and 10 to 75% and to 25% for 0(15). The 
s.o.f. for the two positions of nitrate 13 were refined against each 
other, with the result that the bound orientation has a s.o.f. of 62% 
against 38% for the unbound configuration [the pivotal atom, 0(14a), 
was refined at full weight]. It was necessary to constrain the N - 0 
bond lengths of both orientations of nitrate 13 to a common free 
variable (which refined to convergence at 1.218(7)A). 
The third area of distortion in (20) is manifest in nitrate 10, 
which is the nitrate at the heart of the La 8 Cu 12 (OH) 24 core struc-
ture, here the N atom lies on the inversion centre and hence each of 
the three 0 atoms of this nitrate are disordered over two sites each 
at half weight. This was modelled by setting the s.o.f. of the 0 
atoms to 50% and fixing the atomic position of the N atom to the 
inversion centre. It was also necessary to tie the N - 0 bond lengths 
to a common free variable (which refined at 1.222(3)A) and to fix the 
planarity of this unit by tying the 0-0 distances to this free vari-
able multiplied by root three. 
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CHAPTER L Survey f Metal Environments Md Ligand Differences iii. 
Structures 01 IQ (2ffi. 
5.1 Introduction. 
In the previous three chapters five copper (chapter 2) and 
fifteen copper lanthanoid (chapter 3 and 4) complexes have been 
prepared and structurally characterised. The function of this chapter 
is to compare and contrast certain structural motifs to each other 
[in (1) to (20)] and to examples of related species in the litera-
ture. The structural properties to be analysed are: the coordination 
environments of the copper atoms; the coordination environments of 
the lanthanoid atoms; and a comparative over view of the differences 
in the structures formed with the 6-chioro and the 6-methyl 2-pyri-
done ligand. The coordination environments of the metal atoms have 
previously been discussed within the context of each structure. In 
surveying the range of complexes it may be possible to address global 
considerations within the narrow body of work covered in this thesis. 
To illustrate by example, in structures (1) to (20) there are thirty 
nine unique Cu(II) atoms. It is well known that Cu(II) complexes are 
frequently distorted, we wished to examine how is this is distortion 
accommodated in these new mixed metal species. 
For the Cu atoms particular regard is given to the coordination 
environment, geometry and to a lesser degree the bond lengths to the 
metal atoms. For the lanthanoid species the environment and bond 
lengths are discussed to a lesser extent, while the coordination 
geometry is studied in greater depth. In order to do this a method to 
compare the observed geometries to 'ideal' geometries was devised. 
The result of this 'fit' gives a quantitative assessment of the how 
well (poorly) an observed geometry adheres to a specific idealised 
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geometry. The comparison of the products formed from the 6-chioro and 
the 6-methyl-2-pyridone ligand, is presented as an overview by brief-
ly comparing the differences in the trends observed for the two sets 
of compounds with the 6-chioro and the 6-methyl ligand. 
5.2 Survey af Copper Environments in ff Lo (20. 
The coordination geometry displayed by complexed Cu atoms is 
extremely varied, in particular the dipositive state of this metal 
"shows a greater diversity in stereochemical behaviour than any other 
element", to quote Wells's 'Structural Inorganic Chemistry' 129 . For 
example trigonal, tetrahedral, square planar, trigonal bipyramidal, 
octahedral and pentagonal bipyramidal geometries are known for the 
Cu(II) ion 130 . 
As Cu(II) has a d 9 electron configuration the ion is subject to 
Jahn Teller distortions in a cubic environment (e.g. octahedral or 
tetrahedral) and hence the majority of Cu(II) environments are dis-
torted. In considering a four coordinate Cu(II) ion (one of the most 
common states), there are several ways a distortion can be expressed 
(see figure 5.1 see over). A distortion may be described by either a 
compression (or expansion) of inter ligand angles or by the inclusion 
of additional interactions or by a combination of both of these. For 
example, a tetrahedron may be distorted by a rotation about one of 
the S 4 axes, giving a squashed tetrahedron with D 2 symmetry and in 
the limit forming a square plane. The inclusion of two additional 
ligands in an axial position of a square plane forms an elongated 
octahedral (or 4 + 2) geometry. And as a final example, the addition 
of a fifth ligand, approaching a tetrahedron along a S 4 axis coupled 
with changes in the inter ligand angles, leads to the formation a 
trigonal bipyramid, via a mono-equatorially elongated trigonal bipyr- 
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amid (see figure 5.1). (note: An addition of a fifth ligand to a 
tetrahedron along the C 3  axis also leads to the formation of trigonal 
bipyramid.) 















, 	I 	' 
elongated octahedron 
In structures (1) to (20), there are a total of forty unique Cu 
atoms, only one of which is in a monovalent state. The remaining 
thirty nine Cu atoms are dipositive and adopt a wide variety of 
coordination geometries (see table 5.1). 
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Table 5.1: Table of Copper environments in structures (1) to (20). 
Structure C.N. Environment Arrangement u ganda cis angle(*) 
twist( s ) min max 
1  4 2N,20(pyr) sq.pl . trans 12.6 91.80(21) 88.25(22) 
 4 2N.20(pyr) sq.pl . trans 12.9 90.64(21) 89.66(21) 
2 Cu(l) 4 N,0(pyr),20(OMe) sq.pl. - 2.1 97.75(13) 76.24(12) 
Cu(2) 4 N,0(pyr),20(OMe) sq.pl . - 1.6 97.68(12) 76.00(12) 
3 Cull) 4 N,0(pyr),20(diol) sq.pl . - 10.8 97.56(22) 76.65(3) 
Cu( 2)b 4 2N,20(pyr) sq.pl . trans 0 92.81(21) 87.19(22) 
[4C 
CU(I) 4 N(MeCN),35r tetra. 88.9 116.4(3) 104.65(5)1 
5 Cu(l) 4 2N,20(pyr) sq.pl . cis 18.6 95.8(6) 81.9(5) 
Cu(2) 4 2N.20(pyr) sq.pl . trans 27.8 93.0(6) 89.9(6) 
6 Cu(1) 4 2N,0(pyr),0(OMe) sq.pl . cis 17.1 96.06(13) 79.25(12) 
Cu(2) 4 2N,20(pyr) sq.pl . cis 19.3 94.94(14) 80.92(11) 
Cu(3) 5 N,20(pyr),O(OMe) t.b. p .d 	- - 96.36(13) 73.00(11) 
7  4 2N,20(pyr) sq.pl . cis 25.1 96.01(16) 80.06(17) 
 4 2N,0(pyr),0(OH) sq.pl . trans 13.3 92.74(19) 88.28(20) 
 4 3N,0(pyr) sq.pl . - 8.3 97.06(20) 83.55(19) 
8  4 2N,20(pyr) sq.pl . cis 24.9 96.2(4) 80.6(3) 
 4 2N,0(pyr),0(OH) sq.pl . trans 13.2 92.0(4) 88.1(4) 
 4 3N,O(pyr) sq.pl . - 8.3 96.7(4) 84.2(4) 
9  4 2N,20(pyr) sq.pl .. cis 	- 24.8 96.3(3) 79.7(3) 
 4 2N,0(pyr),0(OH) sq.pl . trans 14.2 92.0(4) 89.1(4) 
 4 3N,0(pyr) sq.pl . - 8.6 97.6(4) 84.0(3) 
10  4 2N,20(OMe) sq.pl . cis 40.2 97.5(3) 82.1(3) 
 4 2N,20(OMe) sq.pl . cis 41.4 98.5(4) 82.4(3) 
11  4 2N,20(pyr) sq.pl . cis 25.8 95.15(25) 81.67(22) 
 4 2N,0(pyr),0(OH) sq.pl . trans 12.8 92.7(3) 88.0(3) 
 4 3N,0(pyr) sq.pl . - 7.2 97.2(3) 83.35(25) 
12 Cu(1) 4 3N,0(pyr) sq.pI. - 11.8 93.6(3) 88.5(3) 
13 Cu(1) 4 2N,20(OMe) sq.pl . cis 37.7 97.8(4) 81.6(3) 
14 Cu(1) 4 2N,20(OMe) sq.pl . cis 36.6 97.32(21) 81.11(17) 
15 Cu(1) 4 2N,20(OMe) sq.pl . cis 39.2 98.49(17) 81.80(14) 
16 Cu(1) 4 2N,20(OMe) sq.pl . cis 42.2 97.1(4) 82.4(3) 
17 Cu(1) 4 2N,20(OMe) sq.pl . cis 36.2 97.28(20) 81.35(18) 
18 Cu(1) 4 2N,20(OMe) sq.pl . cis 37.4 97.79(20) 82.36(17) 
19 Cu(1) 4 2N,20(OMe) sq.pl . cis 37.9 100.4(4) 82.3(3) 
20 Cu(1) 4 40(OH) sq.pl . 2.9 96.0(6) 84.7(5) 
Cu(2) 
6e 4(OH),20(NO 3 ) elong. oct. 
35 f 999(6) f 800(6) f 
Cu(3) 
514e 4(OH),0.50(NO3) 
3•4 f 945(6) f 85•6(6) f 
Cu(4) 5 2N,20(NO 3 ) s.b.p. 
g f 94.7(6) S5.7(6) f 
Cu(S) 
514e 2N,20(NO3) 5qp/5.b.p. 
4.Sf 94.0(5) 
Cu(6) S 2N,20(NO 3 ) 97.6(6) 
853(6)f 
notes: 
The ligand twist is a measure of the distortion from planar (see text). 
This Cu atom lies on an inversion centre. 
This Cu atom is Cu(I). 
Very distorted. 
The donor set of these Cu atoms include half weight oxygens (details in table 4.5) 
f; Calculated for the four shortest contacts. 
g: These squared based pyramids are all axially elongated. 
cis angle:- The angle between two adjacent donor atoms. 
sq.pl . :- Square planar. 	 O(Pyr):- Oxygen from a LMe or LC1 unit. 
tetra.:- Tetrahedral. O(diol):- Oxygen from OCH 2CH 2OH unit. 
t.b.p. :- Trigonal bipyramid 	 O(OMe):- Oxygen from a MeO or MeOH unit. 
s.b.p. :- Square based pyramid All N donors are from pyridone units. 
elong.oct. :- Elongated octahedral. 
As can be seen from table 5.1, the majority of the Cu atoms are 
four coordinate, there are however several exceptions: Cu(3) in (6) 
is five coordinate and exhibits a several distorted t.b.p. geometry 
(mono-equatorially elongated, with one contact c.a. 0.2A longer than 
the 	others); 	Cu(2) in 	(20) 	which exhibits 	a elongated octahedral 
geometry with two contacts c.a. 0.4A longer than the other four; and 
finally Cu(3) to Cu(6) in (20) which exhibit (at least at half occu-
pancy) extra long range contacts (0.4A longer than the other Cu-0 
distances) in an axial position giving a distorted s.b.p. 
The remaining thirty three Cu atoms are four coordinate and 
conform to a geometry based on a square plane. For all but four of 
these Cu atoms [Cu(1) and Cu(2) in (2), Cu(2) in (3) and Cu(1) in 
(20)] there is a significant distortion from planar towards a 
'squashed tetrahedron'. This distortion can be quantified means of 
the ligand twist (see figure 5.2). 
Figure 5.2 Description of the Distortion from Square Planar 




LI 	/E3 -2 
L2' 	
•-(J L' 
L4 	 1.4 
The Ligand Twist '0' is Defined as the angle between the L 1 -Cu-L 2 
(L1 '-Cu-L2 ') plane and the L 3-Cu-L4 plane. 
L 1 and L2 are choosen so that the L 1 -Cu-L 2 angle is the smallest 
'cis' angle (around the Cu atom). 
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For example a planar set of four donor atoms will have a ligand 
twist of 0.00 [as Cu(2) in (3)] and a tetrahedral array of donor 
atoms will have a ligand twist of 900  [like Cu(1) in (4), the only 
cuprous complex]. From this parameter it can be seen that the Cu 2Ln 2 
series of compounds [(10) and (13) to (19)] have the most sizable 
distortions from planar and in the most extreme cases [(10) and (16)] 
approach the mid point geometry between square planar and tetrahedral 
(i.e. the squashed tetrahedron in figure 5.1). It is also worth 
noting that for a 2N, 20 donor set the distortion from planar is 
consistently less for the trans configuration of donor atoms [with 
the exception of Cu(2) in (5)] than for the cis arrangement. 
Apart from the ligand twist the other main distortion from 
square planar observed is a compression (or expansion) of the inter-
ligand angle and to this end the minimum and maximum 'cis angles' are 
given in table 5.1. Significantly the smallest angles, from 73.0(1) 
to 82.4(3)°, are all from CuO 2M rings (where M = Cu, Ln or Na), where 
the two oxygens (typically from a methoxide unit) are bridging the Cu 
atom to a second metal atom. The compression in this 0-Cu-0 angle is 
not unusual for such systems e.g. for the Cu 2 (OMe) 2 ring in previous-
ly characterised compounds 109,110.131, the 0-Cu-0 angle varies from 
76.7 to 78.4° and for Cu 2 (OH) 2 ring systems 132-131  the 0-Cu-0 angle 
varies from 75.9 to 78.6°. The largest 'cis angles' (greater than 
950) not only occur, as might be expected, when there is a large 
distortion from planar ( in such cases the average 'cis angles' moves 
from 90° towards 109.5°), but also for some cases when the ligand 
twist is minimal. Both the Cu atoms in (2) exemplify this behaviour. 
This result is not so surprising considering the tendency for the 
Cu(II) ion to be distorted (i.e. if the Cu coordination is not dis-
torted out of the plane then a distortion within the plane may 
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occur). 
Considering the thirty nine dipositive Cu atoms there are a 
total of seven different ligands bound to the Cu atoms in a variety 
of modes which are summarised in table 5.2. 
Table 5.2 Survey af Ligands Bound Lo Cu atoms 	Lo (20). 
Ligand Mode of Examples Bond length/A 
Bonding (N° of bondsa) 
LC1 N(g) 46(46) 1.960(4)-2.053(3) 
0(4 1) 17(17) 1.913(5)-1.965(4) 
0(92) 12(13) 1.947(7)-l.991(6) [2.246(3)] 
LMe N(p 1 ) 18(18) 1.960(5)-2.031(16)  
0(p) 2(2) 1.952(14)-1.969(14) 
0(92) 2(2) 1.964(13)-1.970(13) 
MeO 0(92) 12(24) 1.899(3)-l.980(8) 
MeOH 0(p) 1(1) 2.050(3) 
OH  0(p) 4(4) 1.949(8)-1.970(11) 
0(93) 12(24) 1.917(14)-l.994(13) 
NO  0(p) 4(6)C 2.376(18)-2.52(4) 
0(92) 1(2) 2.466(17) 
OCH2CH2OH O(R2) 1(2) 1.924(5)-l.927(5) 
notes: 
i.e. the number of Cu-ligand bonds. 
In compounds (9) and (11) the O(OH) is half weight sharing its 
coordination (at the same site) with a half weight MeO, (9), or a 
EtO, (11). 
C: Two oxygens atoms are disordered over two positions (for more 
details see table 4.5 and appendix 4.3 in chapter 4). 
It is very difficult to describe these bond lengths outside the 
context of the individual structures, however from this table there 
are some general trends of note. The Cu-N distances are of a similar 
order whether from a LC1 or a LMe unit, whereas the Cu-0 distances 
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are, on average, shorter from a LC1 unit than from a LMe unit. The 
methoxide ligand is only observed as a bridge between two Cu atoms 
forming a Cu 20 2 ring. The Cu-N and Cu-0 bond lengths are discussed in 
more detail in chapters 2, 3 and 4 when dealing with the structural 
description for each complex. 
5.3 Survey of Lanthanoid Environments in structures M to. (20. 
The Lanthanoids as a series exhibit very little ligand field 
stabilisation and are highly electropositive 136  (E° for M 3 / M vary 
from -1.99 to -2.37 V) and hence tend to form interactions which are 
principally of an ionic nature. Therefore the coordination geometries 
observed for the lanthanoids are essentially ionic and so are depen- 
dent on the charge, cation size and the size and shape of the species 
'bound' to the lanthanoid (i.e. composition of the first coordination 
sphere). As the first three ionisation enthalpies are comparatively 
low, the 3+ state is readily formed and although some lanthanoids 
exhibit other oxidation states, only the 3+ oxidation state is ob-
served in compounds (6) to (20). The size of the lanthanoid is dir-
ectly related to the atomic number, with increasing atomic number the 
ionic radii decreases (this effect is termed the lanthanide contrac-
tion). For example La 3+  is 0.17A larger than Lu3 124  (for the six 
coordinate species). This change in size may precipitate the change 
in Ln coordination observed for the homologous compounds 
La(CF3CO2) 3 (C4H8 SU) 2 and Nd(CF3 CU2) 3 (C 4H 8SU) 234 (La has a dodecahe-
dral coordination geometry while Nd has a square-anti-prismatic 
geometry). With the charge fixed the coordination of each lanthanoid 
is governed by the size and shape of the 'bound' species. For example 
La[N(SiMe 3 ) 2 } 3 OPPh 3 137  is four coordinate while LaCl 3 l3s is nine 
coordinate. 
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Taking these factors into consideration the coordination of the 
lanthanoids are extremely varied, examples of coordination numbers 
from three, Nd[N(SiMe3)213139, to twelve, Mg 3 [Ce(NO 3 ) 6] 3 t4°  are 
known. However the most common coordination numbers observed for the 
lanthanoids are eight and nine. Considering these coordination num-
bers there are several geometries that could be adopted. Those invol- 
ving the least ligand-ligand repulsion (and therefore the most com- 
mon) are the square anti-prism, the dodecahedron and the bicapped 
trigonal prism for the eight coordinate species and the tricapped 
trigonal prism and the capped square anti-prism for the nine coordi-
nate species. Figure 5.3 shows these polyhedra and how they are inter 
related. 




	 bicapped trigonal prism 	 dodecahedron 
(s.a.p) 
	 (b.t.p.) 
join A B 
4 
undo A-B 
Join D E 
4 
undo D-E 




join A B 
4 
undo A-B 
capped square anti-prism 	 tricapped trigonal prism 
(t.t.p.) 
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5.3.1 Coordination Environments of the Lanthanoids in M to (20). 
In structures (6) to (20) there are nineteen unique lanthanoids 
in various environments these are summarised in table 5.3. 
Table 5.3: Table gf Lanthanoid environments in structures 
(2Th. 
Structure C.N. Environment Approx. 	Geometry 
6 La(1) 10 60(NO 3 ). 30(LCI), 0(MeOH) 
irregular  
7 Gd(1) 8 20(140,). 
.3 
50(LC1), 0(HLC1) dodecahedral/b.t.p. 
S Dy(1) 8 20(140..). S0(LC1), 0(HLCI) dodecahedral/b.t.P 
9 Er(1) S 20(1403 ). S0(Lc'1), 0(HLC1) dodecahedral/b.t.p 
10 Yb(1) 8 40(1403 ). 20(LC1), 20(MeOH) dodecahedral 
Yb(2) 8 40(NO3 ), 20(LC1). 20(HLC1) dodecahedral 
11 La(1) 8 20(140..). 50(LC1), 0(HLC1) b.t.p./dodecahedral 
12 La(1) 9 20(140 3 ). 50(LC1), N(LC1), 0(HLC1) 
irregular  
13 La(1) 9 40(N0), 20(LMe), 0(HLMe), 20(MeOH) t.t.p 
14 Ce(1) 9 40(N0,), 
-3 
20(LMe), 0(HLMe). 20(MeOH) t.t.p 
15 Nd(1) 9 40(140 3 ). 20(LMe), 0(HLMe), 20(MeOH) t.t.p 
16 Sm(1)b 9/8+1 40(NO3 ), 20(LMe). 30(MeOH) t.t.p 
17 Gd(1) S 40(NO3 ), 20(LMe), 0(HLMe). 0(MeOH) dodecahedral 
18 Dy(1) 8 40(1403 ). 20(LMe). 0(HLMe), 0(MeOH) dodecahedral 
19 Yb(1) 8 40(NO3 ), 20(LMe). 0(HLMe). 0(MeOH) dodecahedral 
20 La(1) 10 60(NO 3 ), 30(OH), 0(HLUe) 
irregular  
La(2) 9 0(NO3 ), 30(OH), 	30(HLMe). 20(1120) c.s.a.p. 
La(3) 10 60(140 3 ). 30(011), 0(HLMe) 
irregular  
La(4) C 8-10 60(140 3 ). 30(011), 0(HLMe), 0(1120) 
irregular  
notes: 
Coordination geometry does not conform to any regular polyhedra. 
Disordered Sm atom for more detail see appendix 4.3. 
Disordered La for more detail see appendix 4.3. 
b.t.p. 	bicapped trigonal prism. 
U.P. tricapped trigonal prism. 
c.s.a.p. 	capped square anti-prism. 
From this table it can be seen that most of the lanthanoids are 
either eight or nine coordinate and conform to the closely related 
dodecahedral/b.t.p./t.t.p. geometries. All of the ten coordinated 
lanthanoids and the La atom in (12) exhibit an irregular geometry, 
which can not easily (if at all) be expressed in terms of even de-
formed polyhedra. There is also one example [La(2) in (20)] of a nine 
coordinate lanthanoid conforming to a capped square anti-prism. 
5.3.2 The Correlation between the 	lanthanoid Geometries and 
'Idealised' Polyhedra jiji 	i 	 (i91. 
It can been seen from figure 5.3 that the idealised dodecahe-
dral, b.t.p. and t.t.p. (as well as s.a.p. and c.s.a.p.) geometries 
are closely related. This poses the question of how well do the 
geometries observed for the lanthanoids fit a specific idealised 
polyhedra and is it possible to quantify such a fit (i.e. to be able 
to assign how close an observed geometry is to an idealised one). 
There are several examples in the literature of fitting observed 
geometries to idealised polyhedra in various areas of chemistry for 
example in metal carbonyl clusters 142  and metallaboranes 143 . Correla-
tion between idealised and observed geometries for lanthanoids are 
less common, a recent example was published by G.Depaoli et al.'44 in 
monitoring the change from a square anti-prismatic to a pentagonal 
bipyramid geometry for Ln(NCS) 3(FHF)4 (where Ln = Nd, Eu, Er and Yb). 
There are several ways to perform such correlations between 
observed and ideal geometries. For example by taking a specific angle 
(e.g. between planes) from the idealised polyhedra and comparing this 
to the corresponding observed 'polyhedral' angle. A more elaborate 
method might be involve taking several angles/bond lengths ratios 
from the model polyhedra and comparing these to the observed system. 
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Another method may involve comparing angles from a centroid to the 
polyhedral vertices and comparing these ideal angles to angles around 
an actual centre (such as a metal or an interstitial atom) or a 
calculated centre of gravity for an observed geometry. These methods 
although giving a general guide to how well a given geometry 'fits' a 
standard polyhedra, can not give an accurate correlation unless the 
model used to perform such a fit completely defines the polyhedra in 
question. That is unless the data compared is sufficient to describe 
the size and morphology of the geometry (for example by a direct 
comparison of vertex/atom positions of scaled polyhedra). In order to 
accomplish such a correlation between ideal and actual geometries, it 
is necessary to define what is an 'idealised' polyhedra. Certain 
standard polyhedra are completely defined, such as a cube (where each 
of its six faces are square) other geometries are more elusive and 
hence require further definition. For example a tricapped trigonal 
prism may be defined as the morphology with a constant edge length 
(i.e. all fourteen triangular faces equilateral triangles) or with a 
constant centroid vertex length. Likewise there are several possible 
dodecahedra and square anti-prisms. In our work for this purpose it 
is necessary to define an arbitrary 'idealised' polyhedra. For the 
square anti-prism, the dodecahedron and the tricapped (and bicapped) 
trigonal prism the 'hard sphere model' polyhedra (i.e. a constant 
centroid vertex distance) as described by Kepert' 45 , has been used. 
In this correlation between observed and ideal geometries, the stan-
dard polyhedra used are illustrated in figure 5.4, positional coordi-
nates were either calculated or obtained from 'Comprehensive Coordi-
nation Chemistry" 45 . 
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Dodecahedron 
Figure 5.4: The 'Ideal' Eight and Nine Coordinate Geometries. 













It only remains to compare the observed lanthanoid geometries 
to the set of ideal geometries (shown in figure 5.4). The method used 
for this correlation was firstly to standardise the idealised geo-
metry so that the centroid (Z) to vertex (Cl to C8/9) distance is 
equivalent to the average Ln-O distance in the observed geometry. 
Secondly to correlate the observed 'vertex' positions to the corre-
sponding 'vertex' position of the ideal geometry (this was done 
visually, aided by vertex connectivity and edge length comparisons). 
The final step was to perform the fit between the lanthanoid geometry 
and the ideal geometry which was achieved by using the orth and ofit 
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commands in the crystallographic software package 'XP" 46 . This pro-
duces the 'best fit' between the spatial positions of the atoms 
(vertices) in the idealised and observed polyhedra giving the average 
vertex (ideal) to atom (observed) distance (as well as the closest 
contact to the ideal position for each atom, and hence the visual 
assignment in step two can be checked). A root mean square (R.M.S.) 
deviation is calculated by the program, thus on performing these 
operations a numerical evaluation of how well the observed geometries 
fit the ideal geometries is obtained. 
Before the lanthanoid environment in chapter three and four 
were studied this correlation method was 'test driven' on a set of 
literature examples of standard lanthanoid geometries. Five examples 
were used, three were eight coordinate with a dodecahedral -
geometry 147-149  and two were nine coordinate with a tricapped trigo-
nal prismatic geometry 150.151 (figure 5.5 see over). Of the eight 
coordinate examples two had only unidentate ligands (the octa-aqua 
lanthanoid complex) while the third had four a bidentate ligands. The 
R.M.S. deviation to the ideal dodecahedron are as follows; for 
[Gd(H 2 0) 8 1 C1 3 0.210A , for [Y(H20)8]Cl3 0.199A and for [Y(CF 3 COCH-
COCF 3 ) 4]Cs 0.093A. All these values indicate a good fit, but it is 
interesting to note that the example with the bidentate ligands is 
closest to the ideal. This is probably because the octa-aqua examples 
are slightly distorted to minimise inter-vertex repulsion (repulsion 
energy calculation predict a D 2 compressed dodecahedral 
41).  Of the 
two nine coordinate examples with t.t.p. geometries one has only 
unidentate ligands, while the second has three bidentate and three 
unidentate ligands. The fit to the ideal tricapped trigonal prism are 
as follows; for [Nd(H20)9](Br03)3 0.187A and for [Y(NO 3 ) 3 (H 2 0) 3 ] 





149 (Gd(I-120)8]C13 .2C10H8N2 
is unsurprising as crystallographic symmetry requires this geometry 
to be a t.t.p.. By comparison with the ideal model the nona-aqua is 
trigonally compressed. The value for the bidentate/unidentate lantha-
noid geometry represents a poorer fit, which is as expected because 
of the asymmetry introduced by the three bidentate ligands (visible 
in figure 5.5), however this value represents a reasonable t.t.p. 
fit. 
Figure 5.5. Examples of Standard Tricapped Trigonal Prismatic and 
Dodecahedral Geometries. 
a) Dodecahedra. 
b) Tricapped Trigona) Prism. 
(Pr(H20)9Br03)3 150 1Y(NO3)3(H2Q)1.2Cl0H8N2 151 
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The lanthanoid geometries in structures (7) to (11) and (13) to 
(19) were examined using this method. The structures (7) to (9) and 
(11) represent the near iso-structural series of compounds with the 
general formula LnCu 3 (LC1) 7 (NO3)(HLC1)(OR) (where R = H or Me or Et) 
for the lanthanoids; La (11), Gd (7), Dy (8) and Er (9). The Ln atoms 
are therefore bound to one bidentate and six unidentate, but brid-
ging, ligands. (10) and (13) to (19) represent the closely related 
Ln 2Cu 2  series of structures where Ln = La (13), Ce (14), Nd (15), Sm 
(16), Gd (17), Dy (18) and Yb from (10) (with LCL) and (19) (with 
LMe). The lanthanoids from the first series (LnCu 3) are all eight 
coordinate while for the Ln 2Cu 2 series there is a change from nine to 
eight coordinate between Sm and Gd. For the eight coordinate Ln atoms 
the metals are bound to two bidentate and for monodentate ligands; 
for the nine coordinate lanthanoids there is an additional monoden-
tate ligand. In calculating the fit to the eight coordinate geometry 
for the nine coordinate lanthanoids the furthest Ln-O contact, in a 
capping site, was omitted. The results of the fit to the ideal geome-
tries are given in table 5.4. 
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Table 5.4 Table of Calculated 'fits' for the Lanthanoid Geometries in 
i Lifl and  Lth in 	in the set of Ideal Geometries. 
R.M.S. Deviation (A) from: 
cube s.a.p. Dodeca- b.t.p. U.P. 
Ln hedron 
 Gd 0.700 0.471 0.442 0.441 - 
 Dy 0.691 0.458 0.435 0.437 - 
 Er 0.680 0.449 0.430 0.432 - 
 Ybi 0.765 0.428 0.336 0.417 - 
Yb2 0.750 0.422 0.334 0.424 - 
 La 0.710 0.504 0.494 0.472 - 
 La 0.822 0.451 0.521 0.398 0.388 
 Ce 0.825 0.423 0.530 0.372 0.363 
 Nd 0.810 0.430 0.498 0.371 0.363 
 Sma 0.783 0.404 0.383 0.314 0.318 
 Gd 0.865 0.513 0.369 0.463 - 
 Dy 0.815 0.490 0.358 0.470 - 
 Yb 0.798 0.470 0.345 0.463 - 
cubeb 0 
s . a .p .b 0.761 0 
dodecahedron ' 0.645 0.383 0 
b.t.p.b 0.856 0.329 0.444 0 - 
notes: 
The coordination of the Sm atom is disordered, the deviation from 
the ideal polyhedra were calculated for all possible Sm coordination 
environments, the configurations which gave the best fits are given 
here. 
These fits from one ideal geometry to another were calculated with 
a centroid (Z) to vertex (Cl to C8) distance of 2.4A. 
The lanthanoid coordination geometries for (7) to (11) and (13) to 
(19) are shown in figure 5.6. 
The second part of this table (correlations between the ideal geome-
tries) illustrates the close relationships between the s.a.p., the 
b.t.p. and the dodecahedral geometries. 





(13) 	 (14) 
(15) 	 (16) 
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Figure 5.6: 	Lanthanoid Coordination Geometries for 
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Figure 5.7:- 
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The values from the upper part of this table are plotted 
against the lanthanoid ionic radii in figure 5.7 (deviation from a 
cube in a:, s.a.p. in b:, dodecahedron in C: and b.t.p. in d:). For 
the sake of these plots the Yb geometries in (10) are not plotted as 
part of either the LnCu 3 or the Ln2Cu2 series. 
It can be seen from table 5.4 and figure 5.7 that the LnCu 3 
series of compounds do not conform closely to any specific ideal 
geometry, but conform almost equally well (poorly) to the s.a.p., 
b.t.p. and dodecahedral geometries. From the plots in figure 5.7 this 
series of near iso-structural complexes behave as expected forming 
almost linear plots with a slight decrease in the average deviation 
as the ionic radii (and average Ln-O distance) decreases. 
For the Ln2Cu2 series of compounds [excluding (10)] it can be 
seen from table 5.4 that there is a preferred geometry, for the nine 
coordinate species the tricapped trigonal prism (and b.t.p.) and for 
the eight coordinate species the dodecahedron. This can also be seen 
in three of the four plots in figures 5.7 (parts a,b and d) where 
there is a large step between the nine and the eight coordinate 
lanthanoids. For this series figure 5.7 c has a step between Nd and 
Sm, i.e. the Sm geometry (minus longest capping vertex) fits a dode-
cahedron much better than expected, indeed of the same order as the 
eight coordinate lanthanoids in this series. Such behaviour fits in 
well with the compromise nature of this structure as discussed in 
section 2.1 of chapter 4. The ytterbium geometries in (10) best 
correlate to a dodecahedral geometry from the data in table 5.4. From 
the plots in 5.7 the Yb geometries of (10) either tend to fall in 
line with the LnCu 3 series (with regards to the fits to a s.a.p. or 
b.t.p.) or the Ln 2Cu2 series of compound (for the fit to a dodecahe-
dra), to the cube the Yb geometries fall somewhere between the two 
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domains. 
In general the Sm environment in (16) has the best fit to the 
ideal geometries, which implies that the environment is the least 
distorted. This can be explained by comparison of the coordination 
environments of the lanthanoids (table 5.3) where it can be observed 
that the Sm coordination environment only has two fixed sites [the 
O(LMe) which is bound to Cu 2 OMe2 core] while the other six donor 
sites are occupied by two small bidentate and three small unidentate 
units. 
Interestingly the fits are better for the series which has two 
bidentate ligands (Ln 2 Cu 2) than for the series which has one biden-
tate ligand (LnCu 3). It is often thought that it is the small bite 
angle of the nitrate ion which contributes to deviations from idea-
lised geometries; the results here do not appear to support this 
argument. Our results suggest that the chief cause of the deviation 
in these structures is provided when oxygens bridge between Ln and 
Cu, in so far as the coordination to copper "fixes" the oxygen atoms 
in non ideal positions. 
To summarise using this method it is possible to correlate 
observed geometries to a defined set of idealised geometries and from 
this to get a quantitative assessment of the fit which can be com-
pared to other (related) species. The main disadvantage of using this 
model is in the choice of the idealised polyhedra, for as we have 
seen for certain geometries several polymorphs exist. We have not 
attempted to perform these calculations for other polymorphs e.g. 
those where all centroid vertex distances are not identical. 
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5.3.3 Discussion of Lanthanoid bond lengths. 
Owing to the highly electropositive nature of the lanthanoids 
the Ln 31  state is extremely oxophilic and as a result the Ln-O con- 
tact is by far the most commonly observed. Indeed for the 167 lantha-
noid contacts in (6) to (20) there is only one example of a bond not 
to an oxygen atom, in (12) there is a La-N interaction at 2.765(8)A. 
The remaining bonds are to oxygen atoms from eight different ligands 
which are bound to the lanthanoid in a variety of modes. As might be 
expected the corresponding Ln-O distances are found to decrease with 
decreasing ionic radii (i.e. in traversing the series from left to 
right, from La to Lu). It is also observed (again unsurprisingly) 
that the comparable Ln-O distances decrease (on average) on lowering 
the coordination number of the metal. These two points are illustra-
ted in the plot of the average Ln-O distances against the ionic radii 
of the lanthanoid (figure 5.8). 
Figure 5.8: 
Plot of Ionic Radii Versus Average Ln-O Distances in (6) to (20). 
2.6 
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From this plot it can be observed that there are two near 
linear correlations for the eight coordinate and nine coordinate 
lanthanoids and that the average Ln-O distance increases in increas-
ing coordination number (from eight to nine to ten). 
The Ln-O bond lengths to any lanthanoid atom in (6) to (20) can 
be sub-divided to several groups depending on the nature of the bound 
oxygen. In general the longest contacts to any lanthanoid are to 
oxygens from nitrate groups and the shortest contacts are to mono-
nucleating oxygens from pyridone rings. To illustrate this by example 
table 5.5 summarises the contacts for the La-0 bond [in (6), (11) to 
(13) and (20)]. 
Table 5.5 Survey of La-0 Bonds in 	jfl Lo fM and (20'). 
Ligand Mode of Bonding Examples Bond length/A 
LC1 0(p 1) 6 2.356(7)-2.464(6) 
0(92) 7 2.537(6)-2.630(3) 
HLC1 0(p 1) 2 2.357(7),2.480(6) 
LMe O(p. 1) 2 2.409(8),2.410(8) 
HLMe 0(p1 ) 7 2.365(18)-2.470(18) 
MeOH 0(p) 3 2.560(8)-2.588(9) 
OH 0(93) 12 2.565(18)-2.718(18) 
H 2  0 0(p1) 1 2.637(18) 
NO  0(p 1 ) bidentate 11 2.585(8)-2.774(3) 
0(p 1) monodentate 2 2.557(1 9)-2.622(19) 
0(p 1) bridging 3 2.551(18)-2.684(18) 
notes: Only bonds to full weight oxygen atoms are given. 
From this table it can be seen that the La-0 distances can 
divided into two sub-domains the short contacts at 2.356-2.480A (to 
oxygens of pyridone ligands) and the long contacts at 2.537-2.774A 
(to LC1(p 2), MeOH, OH, H 2 O and nitrate oxygens). A similar trend is 
observed for the other lanthanoids (a more detailed discussion of 
this ordering of Ln-O bonds is given in chapters three and four in 
the structural description of each compound). 
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5.4 Comparison of the 6-chioro and 6-methyl 2-pyridone ligands in 
Structures U1 Lo (20'). 
As discussed in the introductory chapter (section 1.3.3), the 
two derivatives of the pyridone ligand used in this work has been the 
6-chioro and the 6-methyl-2-pyridone ligands. In general 2-pyridone 
and its derivatives have been extensively used as a ligand system for 
d block metals in particular to form metal dimers 74 ' 76 '77 ' 8082 ' 8893 
(also discussed in chapter 1). However the protonated pyridone spe-
cies are mainly noted for their tautomeric behaviour between their 
enol and oxo (keto) forms. The position of the enol/oxo equilibria 
for 2-pyridone and it derivatives has widely been studied, e.g. for 
2-pyridone70 , 6-chloro-2-pyridone 7 ' and 6-methyl-2-pyridone 72 . From 
this it is interesting to note that the 6-chloro derivative prefers 
the enol form while the 6-methyl derivative prefers the oxo form. 
This tautomerism maybe reflected in the observation that the Cu-
O(pyridone) bond lengths are (on average) significantly shorter for 
the 6-chloro ligand than the 6-methyl ligand. 
Examples of metal complexes with the 6-chioro and the 6-methyl 
derivatives indicates that these species have a similar reactivity as 
they form a similar range of products. For example the metal dimers 
for Cr, Mo and W have been formed with both the 6-chlor0 89 and 6-  
meth yl74 derivatives with essentially same molecular structure. 
Therefore the large structural difference between Cu 2 (LC1) 4 (1) and 
[CU 6(LMe) 12Na](NO 3 ) (5) is extraordinary and not easily explained. 
The difference is not due to the steric difference between the chioro 
and methyl substituents as a dummy Cu 2 (LMe) 4 species can be computer 
generated and it is found that the closest CH  to CH  contact is 
comparable to the distance in the Cr 2 (LMe) 4 species (discussed in 
more detail in section 2.5). Indeed a Cu 2 (LBr) 4 dimer can be made' 52 . 
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The difference between (1) and (5) must therefore be caused by the 
electronic differences between the two ligands (chioro group electron 
withdrawing, methyl group electron donating). It is unclear why this 
electronic effect should lead to these specific products. 
The reaction of (1) and (5) with lanthanoid nitrate leads to 
formation of two sets of mixed Cu-Ln complexes (discussed in chapters 
3 and 4 respectively). It is interesting to note that although simi-
lar reactions were carried out with (1) and (5), in chapters 3 and 4, 
only the reaction with Yb(NO 3 ) 3 .5H 20 in methanol lead to the forma-
tion similar species [structures (10) and (19)]. The other compounds 
from the analogous reactions or (1) or (5) bare little resemblance to 
each other [i.e. (6) to (13), (7) to (17) and (8) to (18)]. 
The series of Cu-Ln products formed from (1) (from the LC1 
ligand) is significantly different from the set of Cu-Ln compounds 
from (5). From the reactions of (1) (in CH 2 C1 2) with a range of 
lanthanoid nitrates (in MeOH) it is observed that one of three 
distinct products are formed depending on the size of the lanthanoid. 
That is for the large lanthanoids (Ln = La and Ce) compounds with the 
molecular structure similar to (6) are formed, for the smaller lan-
thanoids (Ln = Gd, Dy and Er) structures akin to (7) are observed and 
for the very small Yb species the Ln 2Cu 2 structure' of (10) is formed. 
This abrupt change in structural conformation contrasts with the 
observed structures from the reactions of (5) (in CH 2 C1 2) with a 
range lanthanoid nitrates (in MeOH). In these cases it is observed 
that all of the products are based on a similar Ln 2 Cu 2 molecular 
structure [structures (13) to (19)]. The differences observed for 
this series of compounds are also related to the size of the lantha-
noid, but unlike the compounds from (1) the changes are more gradual. 
The major change in this series is change in coordination number of 
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the lanthanoid from nine to eight from Sm to Gd. However as no crys- 
talline products have yet been obtained from reactions of (5) with 
lanthanoid salts in any solvent other than methanol these conclusion 
must be regarded as provisional. 
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ChaDter k Conclusions and Future Work. 
In the introduction the objective of this work was stated as:- 
"To synthesise a range of mixed transition metal lanthanoid 
compounds and to determine their structure and study their magnetic 
behaviour". 
In regard to this, using two novel copper pyridone complexes 
(chapter 2), a total of fifteen mixed copper lanthanoid complexes 
have been synthesised and structurally characterised (chapters 3 and 
4), however as yet no magnetometry has been recorded for these spe-
cies (although several samples are currently being studied by Prof. 
C.Benelli in Firenze). In this concluding chapter I shall briefly 
discuss the copper complexes Cu 2 (LC1) 4 (1) and [Cu 6 (LMe) 12NaJ(NO 3 ) 
(5) and the reactions from both of these species, which form the 
majority of the work described in chapters 2, 3 and 4. 
In addition to this a few ideas for future work, leading on 
from the results in this thesis, shall be discussed. 
6.1 The Copper Complexesji2(LCl)4  ff ji [Cu6(LMe 12Na1(NO3 1 LU. 
The copper complexes from 6-chioro and 6-methyl-2-pyridone have 
been prepared (chapter 2) giving the two compounds Cu 2 (LC1) 4 (1) and 
[Cu 6(LMe)12Na](NO3)  (5). (1) is a dimeric copper species (figure 2.1) 
similar to many other bimetallic d-block complexes formed with this 
and related ligands (such as for example Cr, Mo, W with LC1 89 and 
with LMe74 ' 91 ). The presence of the chlorine atom at the 6-position 
of the ligand precludes any axial coordination, as has been previous-
ly observed with dimeric Cu(II) species with related ligands 78 " °3 . 
This lack of axial coordination may account for the Cu(II)-Cu(II) 
vector being shorter than previously reported distance at 2.4989(11) 
A. From physical measurements performed on this compound it is prob-
able that the two Cu spin centres are interacting in an antiferromag-
netic manner (two irreversible reductions, EPR silent and a neff = 
1.58 BM). 
In contrast to (1) a similar reaction with 6-methyl-2-pyridone 
results in the formation of the unusual hexanuclear copper complex 
[Cu 6(LMe) 12Na](NO 3 ) (5) (figure 2.9). This complex displays an unpre-
cedented 'metallocrown' structure with six coppers bridged by twelve 
ligands forming a ring structure around a central sodium atom coordi-
nated in an oxo-lined cavity. Like (1) this species is EPR silent 
which also suggests that the coppers are magnetically interacting. A 
proton and a sodium-23 NMR signal can be recorded (figures 2.10 and 
2.12), albeit paramagnetic ally shifted, from which it appears that 
the structure holds together in solution. 
6.2 Reactions from Cu 2(LCD4  ffL 
The reactions from (1) described in this thesis are illustrated 
by figure 6.1, which presents a schematic of the many reaction routes 
from this compound. 
The reactivity presented in this schematic is dominated by the 
'dissociation' reaction, which occurs when certain donor solvents are 
added to the red dichioromethane solution of (1) resulting in the 
formation of a 'dissociated' product typified by its green colour. 
The reaction of the dichioromethane solution of (1) with methanol is 
an example of such a dissociation process. This reaction has been 
monitored by EPR and UV/Vis./nIR spectroscopy and cyclic voltammetry, 
which shows that the green 'dissociated' solution has: only a single 
reduction [cf two for (1)]; an anisotropic (77K) EPR signal reminis-
cent of non interacting d 9 species; and an electronic spectrum, which 
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has no band corresponding to a Cu-Cu interaction [band IV of (1) at 
c.a. 510 nm, section 2.2]. 
























Green solutions 	 LaCu3(LCI)8 
(12) 	
(dissociated product) 	 (11) 
Yb(NO3)3 
LNOZLr,=LntNO3I3I 
ICe) Gd, Dy, Er 
LoCu3(LCU5 	LnCu3(LCI)8 	Yb2Cu2(LCI)4 
(6) 	 (7). (8). (9) (10) 
notes: 
All reactions were performed using a CH 2C1 2 solution of Cu 2 (LC1) 4 
M. 
The reaction of (1) (in CH 2 C1 2) with; oxalic acid, 2-cyanoetha-
nol, ethylene glycol, diethyl ether, methanol, ethanol, n-pentan-1-
ol, DMF, pyridone and triethylamine, all resulted in the formation of 
a green solution, which indicates a 'dissociated' product (analysis 
of the UV/Vis. spectra, chapter 2). However recrystallisation at- 
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tempts from these solutions, resulted in the reformation of (1) in 
many cases. Reaction with 2-cyanoethanol and ethylene glycol resulted 
in the formation of a polymeric species, of the stoichiometry 
Cu 3 (LC1) 4 (OR ) 2  [the structure of which for OR = ethylene glycoxide 
(3) (figure 2.7)]. The reaction of (1) (in CH 2 C1 2) with 2-bromoetha-
nol results in chemical reduction of the Cu(II) complex to form a 
polymeric cuprous bromide ladder with acetonitrile (4) (figure 2.8). 
The reaction of a dichioromethane solution of (1) with methanol 
(under dilute conditions) gives a green solution from which lilac 
crystals can be obtained. Analysis of these revealed a tetrameric 
copper species (2) (figure 2.5) with the stoichiometry 
Cu 4 (LC1) 4 (OMe) 4, from which it appears that the dimer has been 
cleaved, down the Cu-Cu vector, and sandwiched with four bridging 
methoxide units. 
Reactions of (1) (in CH 2 C1 2) with a series lanthanoid nitrates 
in methanol, results in the formation of three different structures 
depending on the size (atomic number) of the lanthanoid. For La (and 
Ce) a highly asymmetric mixed copper-lanthanum complex results, 
LaCu 3 (LC1) 5 (NO 3 ) 3 (MeO)(MeOH) 2 (6) (figure 3.1). With Gd, Dy and Er 
(the 'mid-late' lanthanoids) a LaCu 3 (LC1) 7 (NO 3)(OH)(HLMe) structure 
results [(7), (8) and (9) for Gd, Dy and Er respectively], where the 
lanthanoid is 'cupped' within the Cu-pyridone framework (figure 3.3). 
For Ytterbium (smallest lanthanoid used) the reaction with (1) yields 
[YbCu(LMe) 2(NO3 )2(MeO)(MeOH) 2] 2 (10) where the two lanthanoid-nitrate 
units sandwich a central copper-pyridone region centred on a 
Cu2(OMe)2 ring (figure 3.6). 
Changing the solvent conditions, the reaction of (1) with 
La(NO 3 ) 3 .6H 2 O results in the formation of two additional mixed cop-
per-lanthanum complexes. The reaction of these reagents in dichloro- 
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methane 	and 	ethanol 	results 	in 	the 	formation 	of 	a 
LaCu 3 (LC1) 7 (NO 3 )(OH) 05 (OE t) 05 (HLMe) species (11), which has an 
analogous molecular structure to (7), (8) and (9) (figure 3.8). The 
reaction of (1) (in CH 2 C1 2) with an acetonitrile solution of lantha-
num nitrate yields, after a lengthy period, [LaCu(LC1) 4 (NO 3 ) ( HL C1)] 2 
(12) (figure 3.9) where there are two copper-pyridone domains sand-
wiching two lanthanum-nitrate units which are bridged by two 
pyridone oxygens (thus forming a central La 2 Cu 2 ring). [note: Addi-
tion of acetonitrile to a dichioromethane solution of (1) does not 
cause a 'dissociation' reaction.] 
6.3 Reactions from [Cu 6(LMe 12Na1(NO3 
The reactions from [Cu 6 (LMe) 12Na](NO 3 ) (5) are outlined in 
figure 6.2. (see over), which presents a schematic of the synthetic 
routes from this unusual hexanuclear copper complex. This includes 
not only work discussed in this thesis but also significant work 
carried out by co-workers. 
To be termed a metallocrown, the system should possess 'crown' 
like properties, i.e. retain its structure in solution and be able to 
replace its 'guest' ion (in this case Na'). The reaction of (5) (in 
CH 2 C1 2) with Pb(NO 3 ) 2 seems to facilitate the substitution of the 
central sodium ion and with a seventh copper atom. This in conjunc-
tion with the NMR data discussed earlier [suggesting that the struc-
ture of (5) is maintained in chiorocarbon solutions] this satisfies 
the 'crown' like properties and hence (5) can be termed a metallo-
crown. The structure of the heptanuclear copper species has been 
determined 120  and is almost identical to (5) (see figure 6.3 for 
comparison see over). A similar reaction, to this Pb(NO 3 ) 2 reaction, 
with Mg(NO 3 ) 2 leads to the formation of a magnesium centred 'half 
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hexamer' which is reminiscent to the LnCu 3 structures (7), (8) and 
(9). The 'half hexamer' structure is so termed because the central 
ion (e.g. Mg2 ) is coordinated to a Cu 3 (LMe) 6 framework which has the 
same (or very similar) construction as half of the hexanuclear copper 
complex (5) [see figure 6.4 for comparison between (5), the Mg2 
'half hexamer' and (7)]. 
Figure 6.2: Synthetic Routes from [Cu6(LMe)12NaliNO3) (5). 
[Cu7(LMe)12]2 a 
Pb(NO3)2 






La8Cu12(OH)24 	 I Blue powders 
(20) 	 Ln2CU2(LMe)4 
(Ln = La. Ce, Nd, Sm. Gd. Dy. Yb) 
(13) to (19) 
notes: a: Work by C.M.Grant [see reference 120]. 
b: Work performed by myself but not discussed in this thesis [see 
reference 84] 











[Cu 7 (LMe) 12]tPb(NO3)4] 120 
Figure 6.3: Comparison of the Hexanuclear and Heptanuclear Copper 
complexes [Cu6(LMe)12Na1(NO3) (5) and [Cu7(LMe)12][Pb(NO3)41. 
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GdCu 3 (LC1) 7 (NO 3 ) 
(7) 
[Cu 6 (LMe) 12Na](N 
Figure 6.4: Structures Bearing the Cu 3 (LX) 6 'half hexamer' Unit. 
MgCu 3 (LMe)6(NO3) 2(MLMe)2 120  
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Reaction of (5) (in CH 2 C1 2) with a series of lanthanoids leads 
to the formation of a series closely related copper-lanthanoid com-
plexes with the general formula [CuLn(LMe) 2 (NO 3 ) 2 (MeO)(HLMe) 
(MeOH) m 1 2  [where Ln = La (13), Ce (14) and Nd (15), n=1 and m=2 
;where Ln = Sm (16), n=0 and m=3; and where Ln = Gd (17), Dy (18) and 
Yb (19), n and m = 1]. All the structures are similar to the Yb 2Cu 2 
species observed for (10) (figure 4.2). There are three structural 
types; for La, Ce and Nd the lanthanoid is nine coordinate, with a 
distorted tricapped trigonal prism coordination geometry. For Gd, Dy 
and Yb the lanthanoid is eight coordinate (bound to one less MeOH 
unit) and exhibit a coordination geometry based on a dodecahedron. 
For Sm a 'compromise' structure results in which the lanthanoid is 
nine coordinate but is bound to a third MeOH instead of a HLMe unit. 
The reaction of (5) with lanthanoid nitrates in CH 2 C1 2 leads to 
the formation of a pale blue La 8 Cu 12 complex with a stoichiometry 
[La 8Cu 12(OH)24(NO3)21.2 (HLMe) 13(H20)551 ( NO 3)2.8 (HLMe)2( CH  2C12) 
(20). The cation of this extraordinary structure (figure 4.9) is 
comprised of a La 8 Cu 12(OH) 24 'inorganic' core (figure 4.10) within a 
mainly 'organic' shell of protonated pyridone ligands and nitrates. 
6.4 Future Work. 
In this thesis we have seen, using the simple ligand systems 6-
chioro and 6-methyl-2-pyridone, that a wide variety of different 
mixed copper-lanthanoid complexes can be prepared via the two copper 
complexes Cu 2 (LC1) 4 (1) and [Cu6(LMe)12Na](NO3) (5). Indeed these 
copper complexes themselves are of more than just passing interest, 
with particularly the hexanuclear copper species (5) offering a wide 
scope of potential possibilities (e.g. further metallocrown ion 
exchange reactions). Particularly with the 6-chloro ligand slight 
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changes in the reaction conditions lead to profound differences in 
the nature of the mixed copper-Ian than oid complexes observed, which 
offers the possibility of yet more mixed 3d-4f species on further 
alteration of the reaction conditions. The extraordinary La 8 Cu, 2 
complex (20) is quite unprecedented, and offers at the very least an 
interesting new Ln-Cu-O phase. 
Some work leading on from, and in parallel to, this study is 
currently underway. For example using an alternate d-block metal such 
as cobalt or nickel. Investigation with other derivatives of pyridone 
are also in progress, the bromo analogue of Cu 2 (LC1) 4 (1) has been 
prepared and the 6-amino and 6-diphenyiphosphine ligand systems are 
also being studied. Mixed pyridone-acetate ligand system have been 
considered as well (a highly unusual octanuclear copper complex with 
pyridone and acetate has been formed ' 53). Thermal decomposition of 
the copper-lanthanoid materials prepared in this thesis are also 
being undertaken. 
The variable temperature magnetometry is currently underway 
studying several of the materials discussed in this thesis. Initial 
results are said to be encouraging' 54 , but extensive investigation of 
the magnetic properties have not been carried out. It is hoped that 
on interpretation of the magnetic behaviour of these materials, and 
subsequent correlation to the structural arrangement of the spin 
centres, that this will lead to a greater understanding of the unus-
ual magnetic materials that arise from the f-d block metal marriage. 
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Tables of Atomic Coordinates and Equivalent Isotropic Displacement 
Parameters for Structures (1) to (20). 
i Atomic coordinates and equivalent isotropic displacement parameters (A 2) for (1). 
Atom 	 x 	 y 	 z 	 U(eq)8 
Cu(1) 0.12614( 5) 0.66371( 5) 0.43444( 4) 0.0173( 5) 
Cu(2) 0.12316( 5) 0.70801( 6) 0.30484( 4) 0.0194( 5) 
N(ll) 0.2531( 4) 0.6898( 4) 0.4294( 3) 0.022( 3) 
C(12) 0.3009( 4) 0.6825( 5) 0.4891( 4) 0.024( 5) 
C(13) 0.3891( 4) 0.6946( 5) 0.4940( 4) 0.026( 5) 
C(14) 0.4300( 4) 0.7146( 5) 0.4287( 4) 0.025( 5) 
C(15) 0.3847( 4) 0.7217( 4) 0.3656( 4) 0.023( 4) 
C(16) 0.2931( 4) 0.7091( 4) 0.3659( 4) 0.018( 4) 
0(1) 0.2484( 3) 0.7162( 3) 0.30733(25) 0.024( 3) 
C1(l) 0.24242(12) 0.65578(14) 0.56647(10) 0.0373(12) 
N(21) 0.1123( 3) 0.8248( 4) 0.3480( 3) 0.020( 3) 
C(22) 0.1058(  0.8404(  0.4201( 4) 0.022( 5) 
C(23) 0.0992( 5) 0.9232( 5) 0.4448( 4) 0.030( 5) 
C(24) 0.0992( 6) 0.9884( 5) 0.3966(  0.039(  
C(25) 0.1038( 5) 0.9715( 5) 0.3224( 5) 0.038( 6) 
C(26) 0.1100( 5) 0.8909( 5) 0.3021( 4) 0.029( 5) 
0(2) 0.1044( 3) 0.7780( 3) 0.46517(25) 0.024( 3) 
C1(2) 0.11478(14) 0.86264(15) 0.21133(11) 0.0436(14) 
N(31) -0.0011( 3) 0.6456( 4) 0.4168( 3) 0.018( 3) 
C(32) -0.0477(  0.6108(  0.4708( 4) 0.023( 5) 
C(33) -0.1334( 4) 0.5911( 5) 0.4683( 4) 0.028( 5) 
C(34) -0.1759( 5) 0.6112( 5) 0.4037( 5) 0.033( 5) 
C(35) -0.1336( 4) 0.6476( 5) 0.3473( 4) 0.026( 4) 
C(36) -0.0431( 4) 0.6654( 5) 0.3532( 4) 0.022( 5) 
0(3) -0.0014( 3) 0.6999( 3) 0.30099(25) 0.022( 3) 
C1(3) 0.01318(11) 0.59252(12) 0.54838(9) 0.0245(10) 
N(41) 0.1324( 3) 0.5833( 4) 0.2851( 3) 0.020( 4) 
C(42) 0.1250(  0.5548(  0.2169(  0.028(  
C(43) 0.1351( 5) 0.4744( 6) 0.1959( 5) 0.037( 5) 
C(44) 0.1542( 5) 0.4142( 5) 0.2498( 5) 0.041( 6) 
C(45) 0.1600( 5) 0.4406( 5) 0.3200( 4) 0.032( 5) 
C(46) 0.1483( 4) 0.5262( 5) 0.3387( 4) 0.025( 5) 
C1(4) 0.10440(12) 0.63386(15) 0.15405(11) 0.0389(13) 
0(4) 0.1532( 3) 0.5504( 3) 0.4052( 3) 0.021( 3) 
a U(eq) is defined as one third of the trace of the orthogonalized U.. tensor. 
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ii Atomic coordinates and equivalent isotropic displacement 
parameters (A 2 ) for (2). 
Atom 	x 	 y 	 z 	 Ueq 
Cu(l) 0.25461( 6) 0.08306( 5) 0.11958( 4) 0.0145( 	3) 
Cu(2) 0.37690( 6) -0.01809( 5) -0.13283( 4) 0.0142( 	3) 
O(1M) 0.2871( 4) 0.1644( 3) -0.03829(22) 0.0197(16) 
C(lM) 0.2589( 8) 0.3169( S) -0.0738( 4) 0.035( 	3) 
0(2M) 0.2801( 4) -0.0845( 3) 0.02159(22) 0.0199(16) 
C(2M) 0.2653( 7) -0.2326( 5) 0.0567( 4) 0.035( 	3) 
O(1R) 0.2338( 4) -0.0308( 3) 0.26427(22) 0.0200(17) 
N(1R) 0.4713( 4) 0.0745( 3) -0.28718(25) 0.0145(19) 
C(11R) 0.6479( 5) 0.0813( 4) -0.3271( 3) 0.0165(24) 
C(21R) 0.6988( 6) 0.1461( 4) -0.4409( 3) 0.0184(23) 
C(31R) 0.5738( 6) 0.2007( 4) -0.5069( 3) 0.0230(25) 
C(41R) 0.3929( 6) 0.1938( 4) -0.4649( 3) 0.0193(24) 
C(SIR) 0.3523( 5) 0.1275( 4) -0.3566( 3) 0.0156(22) 
C1(1R) 0.13480(14) 0.10228(11) -0.30070( 8) 0.0218( 	6) 
0(2R) 0.4569( 4) -0.2199( 3) -0.19917(23) 0.0190(17) 
N(2R) 0.2358( 4) 0.2704( 3) 0.2065( 3) 0.0153(19) 
C(12R) 0.3825( 5) 0.3074( 4) 0.2302( 3) 0.0157(23) 
C(22R) 0.3540( 6) 0.4466( 4) 0.2918( 3) 0.0212(24) 
C(32R) 0.1809( 6) 0.5339( 5) 0.3311( 4) 0.029( 	3) 
C(42R) 0.0307( 6) 0.4923( 5) 0.3109( 4) 0.026( 	3) 
C(52R) 0.0682( 6) 0.3616( 4) 0.2475( 3) 0.0190(24) 
C1(2R) -0.10890(14) 0.30180(12) 0.21323( 	9) 0.0257( 	6) 
a U(eq) is defined as one third of the trace of the orthogonalized U.. tensor. 
227 
iii Atomic coordinates and equivalent isotropic displacement 
parameters (A 2 ) for (3). 
Atom 	 x 	 y 	 z 	
U(eq)a 
Cu(1) 0.13190(  0.08143(  0.00533( 5) 0.0304( 5) 
Cu(2) 0.50000( 0) 0.00000( 0) 0.00000( 0) 0.0283( 7) 
O(R) 0.4206( 5) 0.0269( 5) 0.1023( 3) 0.036( 3) 
N(1R) 0.2S63( 5) 0.1878( 6) 0.0973( 3) 0.028( 3) 
C(11R) 0.3879( 7) 0.1415( 7) 0.1318( 4) 0.029( 4) 
C(21R) 0.4789( 7) 0.2136( 8) 0.1962( 4) 0.038( 5) 
C(31R) 0.4326(  0.3279(  0.2285( 5) 0.044( 5) 
C(41R) 0.2979( 8) 0.3756( 8) 0.1936( 5) 0.044( 5) 
C(51R) 0.2174( 7) 0.3043( 8) 0.1284( 5) 0.037( 5) 
CI(1R) 0.05306(22) 0.36098(25) 0.07573(18) 0.0684(16) 
0(2R) 0.2358( 5) 0.1203( 5) -0.0822( 3) 0.039( 3) 
N(2R) 0.4623( 5) 0.1872( 6) -0.0398( 3) 0.029( 3) 
C(12R) 0.3278( 7) 0.2146( 7) -0.0795( 4) 0.031( 4) 
C(22R) 0.2938( 8) 0.3415( 8) -0.1150( 5) 0.043( 5) 
C(32R) 0.3972( 9) 0.4324( 9) -0.1145( 5) 0.050( 5) 
C(42R) 0.5360( 8) 0.4018(  -0.0751( 5) 0.044( 5) 
C(S2R) 0.5604( 7) 0.2791(  -0.0393(  0.036(  
C1(2R) 0.72830(19) 0.23560(24) 0.01650(16) 0.0603(14) 
0(113) 0.0149( 5) 0.0056( 5) 0.0774( 3) 0.040( 3) 
C(1D) 0.0341(10) 0.0008(10) 0.1681( 5) 0.059(  
C(2D) 0.0937(11) -0.1239(16) 0.2050(  0.117(11) 
0(2D) 0.2211(11) -0.1462(14) 0.2011(6) 0.170(11) 
a U(eq) is defined as one third of the trace of the orthogonal ized U... tensor. 
iv Atomic coordinates and equivalent isotropic displacement parameters (A 2 ) for (4). 
Atom 	x 	 y 	 z 	 U(eq)B 
Br(1) 0.75000(22) 0.63159( 7) 0.47036(10) 0.0199( 5) 
Br(la) 0.25000(22) 0.36841( 7) 0.52964(10) 0.0199( 5) 
Br(lb) 1.25000(22) 0.36841( 7) 0.52964(10) 0.0199( 5) 
Cu(1) 0.7496( 	3) 0.44312(10) 0.39650(12) 0.0268( 7) 
Cu(la) 0.2504( 	3) 0.55688(10) 0.60350(12) 0.0268( 7) 
N(1) 0.7497(21) 0.4126( 6) 0.1758(10) 0.028( 4) 
CO) 0.7476(22) 0.3867( 8) 0.0519(12) 0.022( 5) 
C(2) 0.7542(24) 0.3588( 8) -0.1150(10) 0.027( 6) 
a U(eq) is defined as one third of the trace of the orthogonalized U.. tensor. 
Atoms with the postscript a' are related to their equivalents by the symmetry operation 
(l-x,1-y,l-z) and Br(lb) is related to Br(l) by the operation (2-x,l-y,1-z). 
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v Atomic coordinates and equivalent isotropic displacement parameters (A 2 ) 
for (5). 
Atom y 	 z 	 U(eq)a 
Cull) 0.73103(9) 0.66533(9) 0.15862(9) 0.0468(15) 
Cu(2) 0.63789(9) 0.66796(9) 0.25221(9) 0.0476(15) 
N(11) 0.7840(6) 0.6214(6) 0.1273(6) 0.049(7) 
0(12) 0.5946(5) 0.6988(5) 0.3032(5) 0.058(6) 
 0.8134(8) 0.6507(8) 0.0987(7) 0.057(7) 
 0.8535(9) 0.6291(g) 0.0742(10) 0.077(7) 
CO 3) 0.8619(10) 0.5794(11) 0.0814(10) 0.096(8) 
 0.8310(10) 0.5501(8) 0.1141(11) 0.094(7) 
 0.7938(8) 0.5724(8) 0.1348(8) 0.061(7) 
 0.7592(11) 0.5426(10) 0.1659(12) 0.114(8) 
N(21) 0.6728(6) 0.6329(5) 0.1245(6) 0.046(6) 
0(22) 0.6593(5) 0.6160(5) 0.2060(5) 0.059(6) 
 0.6438(8) 0.6117(8) 0.1581(8) 0.058(7) 
 0.5991(7) 0.5867(8) 0.1472(9) 0.061(7) 
 0.5873(8) 0.5838(10) 0.0965(10) 0.083(7) 
 0.6163(8) 0.6055(9) 0.0597(10) 0.080(7) 
 0.6602(9) 0.6302(8) 0.0737(7) 0.065(7) 
 0.6964(10) 0.6523(9) 0.0395(7) 0.078(7) 
N(32) 0.6075(5) 0.7087(5) 0.1965(5) 0.039(6) 
0(31) 0.6914(5) 0.7229(5) 0.1817(5) 0.052(6) 
 0.6421(9) 0.7314(7) 0.1708(8) 0.058(7) 
 0.6310(9) 0.7649(8) 0.1304(8) 0.068(7) 
 0.5834(9) 0.7732(10) 0.1189(9) 0.084(8) 
 0.5454(9) 0.7501(10) 0.1465(10) 0.091(8) 
 0.5606(8) 0.7174(8) 0.1864(8) 0.055(7) 
 0.5214(8) 0.6917(11) 0.2152(10) 0.090(7) 
N(42) 0.6826(6) 0.6382(6) 0.3051(5) 0.043(6) 
0(41) 0.7791(5) 0.6925(4) 0.2069(4) 0.046(6) 
 0.8263(8) 0.6743(7) 0.2124(8) 0.053(7) 
 0.8344(9) 0.6386(10) 0.2477(9) 0.084(7) 
 0.8816(11) 0.6216(8) 0.2509(10) 0.086(7) 
 0.9200(10) 0.6388(8) 0.2195(10) 0.084(7) 
 0.9078(8) 0.6777(8) 0.1870(9) 0.067(7) 
 0.9466(8) 0.6973(9) 0.1491(11) 0087(7) 
Nall) 0.7401(3) 0.7401(3) 0.7401(3) 0.048(3) 
N(100) -0.018(3) 0.771(3) -0.012(3) 0 128(8) 
0(100) -0.0358(19) 0.8336(19) -0.0349(19) 0.096(7) 
0(101) 0.028(3) 0.774(3) 0.009(3) 0.181(8) 
0(102) -0.0085(24) 0.728(3) -0.004(3) 0.141(8) 
0(200) 0.0000 0.0000 0.0000 0.171(8) 
a U(eq) is defined as one third of the trace of the orthogonal ized U ij tensor. 
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vi Atomic coordinates and equivalent isotropic displacement parameters (A 2 ) for (6). 
Atom x y z U(eq)a 
La(l) 1.06155( 2) 0.10262( 	2) 0.28905( 	1) 0.0174( 	1) 
 0.70865( 4) 0.16705( 	4) 0.20228( 	3) 0.0193( 	3) 
 0.79025( 4) 0.32230( 	4) 0.32978( 	3) 0.0170( 	3) 
 0.69219( 4) 0.41341( 	4) 0.17134( 	3) 0.0202( 	3) 
N(l) 0.7796( 3) 0.0526( 	3) 0.13664(21) 0.0224(21) 
0(1) 0.9486(3) 0.03798(23) 0.20351(18) 0.0294(18) 
C1(1) 0.57171(11) 0.09432(11) 0.06696(8) 0.0426(8) 
C(II) 0.8995( 4) 0.0045( 	3) 0.1498( 	3) 0.025( 	3) 
C(12) 0.9620( 4) -0.0769( 	4) 0.1039( 	3) 0.038( 	3) 
C(13) 0.9002( 5) -0.1061( 	4) 0.0480( 	3) 0.047( 	4) 
C(14) 0.7771( 5) -0.0550( 	4) 0.0340( 	3) 0.043( 	3) 
C(15) 0.7235( 4) 0.0230( 	4) 0.0796( 	3) 0.030( 	3) 
N(2) 0.8652( 3) 0.4428( 	3) 0.16078(20) 0.0204(20) 
0(2) 0.93643(24) 0.30329(20) 0.25775(16) 0.0196(16) 
C1(2) 0.76630(12) 0.59609(10) 0.05142( 	8) 0.0429( 	8) 
C(21) O.9574( 3) 0.38S3( 	3) 0.20717(25) 0.0192(24) 
C(22) 1.0714( 4) 0.4139( 	3) 0.2026( 	3) 0.029( 	3) 
C(23) 1.0904( 4) 0.4989( 	4) 0.1482( 	3) 0.037( 	3) 
C(24) 0.9966( 4) 0.5563( 	4) 0.0996( 3) 0.039( 	3) 
C(25) 0.8870( 4) 0.5258( 	3) 0.1092( 	3) 0.028( 	3) 
N(3) 0.7764( 3) 0.4785( 	3) 0.33198(20) 0.0195(20) 
C1(3) 0.94993(11) 0.40994( 	9) 0.43281( 	8) 0.0398( 	8) 
0(3) 0.63112(25) 0.52326(22) 0.23849(18) 0.0254(17) 
C(31) 0.6926( 4) 0.5539( 	3) 0.28786(25) 0.0198(24) 
 0.6743( 4) 0.6635( 	3) 0.2980( 	3) 0.028( 	3) 
 0,7434( 4) 0.6927( 	3) 0.3494( 	3) 0.032( 	3) 
 0.8321( 4) 0.6163( 	3) 0.3924( 	3) 0.030( 	3) 
 0.8431( 4) 0.5117( 	3) 0.3809( 	3) 0.0237(25) 
N(4) 0.6224( 3) 0.3235( 	3) 0.37693(20) 0.0192(20) 
0(4) 0.61054(24) 0.29172(21) 0.25182(16) 0.0204(16) 
CI(4) 0.66131(13) 0.37110(11) 0.51454( 	7) 0.0473( 	8) 
C(41) 0.5718( 4) 0.3348( 	3) 0.4499( 	3) 0.028( 	3) 
 0.4576( 4) 0.3184( 	4) 0.4753( 	3) 0.039( 	3) 
 0.3932( 4) 0.2860( 	4) 0.4198( 	3) 0.041( 	3) 
 0.4412( 4) 0.2748( 	4) 0.3443( 	3) 0.030( 	3) 
 0.5567( 4) 0.2967( 	3) 0.32333(24) 0.0184(24) 
N(S) 0.6971( 3) 0.07592(25) 0.30691(20) 0.0204(20) 
0(5) 0.83492(23) 0.16440(20) 0.33997(16) 0.0189(16) 
Cl(S) 0.54426(11) -0.01693(10) 0.25364( 	8) 0.0428( 	8) 
C(51) 0.7S91( 3) 0.1010( 	3) 0.36469(25) 0.0184(23) 
C(52) 0.7416( 4) 0.0618( 	3) 0.4442( 	3) 0.0227(25) 
C(53) 0.6619( 4) -0.0063( 	3) 	. 0.4644( 	3) 0.026( 	3) 
C(54) 0.6003( 4) -0.0339( 3) 0.4060( 	3) 0.027( 	3) 
C(5S) 0.6205( 4) 0.0096( 	3) 0.3294( 	3) 0.0237(25) 
N(1N) 1.2266( 3) 0.1851( 	3) 0.15534(23) 0.0263(23) 
0(11N) 1.29S8( 3) 0.2106( 	3) 0.10109(19) 0.0382(21) 
0(12N) 1.24910(25) 0.17946(23) 0.22804(17) 0.0271(18) 
0(13N) 1.1251( 3) 0.16274(24) 0.14218(18) 0.0314(19) 
N(2N) 1.1041( 3) 0.1763( 	3) 0.44840(22) 0.0234(22) 
0(21N) 1.1460( 3) 0.20984(23) 0.38135(18) 0.0288(19) 
0(22N) 1.1270( 3) 0.20634(24) 0.50918(18) 0.0330(20) 
0(23N) 1.0364( 3) 0.10949(23) 0.45145(18) 0.0301(19) 
N(3N) 1.2865( 3) -0.0828( 	3) 0.31652(25) 0.0299(25) 
0(31N) 1.2302( 3) -0.06295(23) 0.25140(19) 0.0306(19) 
0(32N) 1.3644( 3) -0.1657( 	3) 0.33232(24) 0.0486(24) 
0(33N) 1.2569( 3) -0.01163(25) 0.36275(19) 0.0329(20) 
0(1M) 0.73520(25) 0.28358(21) 0.12481(16) 0.0231(17) 
C(1M) 0.8159( 5) 0.2740( 	4) 0.OS56( 	3) 0.037( 	3) 
0(2M) 0.52734(25) 0.46902(23) 0.11788(18) 0.0283(18) 
C(2M) 0.4635( 4) 0.4002( 4) 0.0862( 	3) 0.046( 	3) 
0(3M) 1.0137( 3) -0.07161(23) 0.36875(20) 0.0344(20) 
C(3M) 1.0077(  -0.1641( 	4) 0.3343( 	4) 0.054( 	4) 
0(4M) 1.3345( 3) 0.5905( 	3) 0.1931( 	3) 0.058( 	3) 
C(4M) 1.3238(  0.5627( 	9) 0.2784( 	5) 0.124( 	8) 
0(SM) 1.3354( 7) 0.7890( 	6) 0.1320( 	4) 0.147(13) 
C(LE) 1.3354( 7) 0.7890( 	6) 0.1320( 	4) 0.072( 	9) 
C(SM) 1.4532(10) 0.7914( 	9) 0.1267( 	7) 0.047( 	3) 
C(SE) 1.2114(13) 0.5610(11) 0.3198( 	9) 0.074( 	4) 
C(28) 1.3324(20) 0.6868(18) 0.2033(13) 0.126( 	7) 
a U(eq) is defined as one third of the trace of the orthogonalized U. tensor. 
230 
vii Atomic coordinates and equivalent isotropic displacement parameters (A 2 ) for (7). 
U(eq)
a 
Od(l) 0.12877( 3) 0.33500( 3) 0.23290( 	2) 0.0159( 2) 
Cu(l) 0.28644( 6) 0.03648( 6) 0.24998( 	4) 0.0179( 4) 
Cu(2) 0.28776( 7) 0.18173( 7) 0.38623( 4) 0.0219( 5) 
Cu(3) 0.14155( 6) 0.16389( 6) 0.10191( 	4) 0.0176( 4) 
0(1R) 0.0617( 4) 0.2714( 4) 0.34048(21) 0.028( 3) 
N(1R) 0.1128( 4) 0.1813( 4) 0.43770(25) 0.022( 3) 
C(11R) 0.0213( 6) 0.2291( 5) 0.3994( 	3) 0.026( 4) 
C(21R) -0.1086( 6) 0.2290( 6) 0.4270( 	3) 0.032(  
C(31R) -0.1403(  0.1779(  0.4913( 	4) 0.042(  
C(41R) -0.0455( 7) 0.1273( 6) 0.5287( 	4) 0.037( 5) 
C(S1R) 0.0799( 6) 0.1336( 6) 0.S000( 	3) 0.028( 4) 
Cl(1R) 0.20623(17) 0.07796(17) 0.54225(9) 0.0417(12) 
0(2R) 0.2982( 4) 0.0225( 3) 0.38022(21) 0.024( 3) 
N(2R) 0.4303( 4) -0.0516( 4) 0.29410(24) 0.020( 3) 
C(12R) 0.4039( 6) -0.0451( 5) 0.3586( 	3) 0.026( 4) 
C(22R) 0.4881( 6) -0.1127( 5) 0.4008( 	3) 0.029( 4) 
C(32R) 0.5927( 6) -0.1890( 6) 0.3759( 	3) 0.030( 4) 
C(42R) 0.6173( 6) -0.1945( 5) 0.3090( 	3) 0.027( 4) 
C(52R) 0.5351( 5) -0.1241( 5) 0.2711( 	3) 0.018( 4) 
c1(2R) 0.56087(14) -0.12289(14) 0.18714( 	8) 0.0291(10) 
0(3R) 0.1195( 3) 0.1327( 3) 0.23692(20) 0.0199(25) 
N(3R) 0.0080( 4) 0.0914( 4) 0.16789(24) 0.018( 3) 
C(13R) 0.0245( 5) 0.0856( 5) 0.2302( 	3) 0.018( 4) 
C(23R) -0.0507( 6) 0.0298( 5) 0.2826( 	3) 0.024( 4) 
C(33R) -0.1377( 6) -0.0266( 6) 0.2708( 	3) 0.035(  
C(43R) -0.1566(  -0.0222( 6) 0.2064( 	3) 0.034( 5) 
C(53R) -0.0819( 6) 0.0381( 5) 0.1582( 	3) 0.023( 4) 
C1(3R) -0.09644(17) 0.04759(16) 0.07709(9) 0.0389(12) 
0(4R) -0.0334( 3) 0.3255( 3) 0.17992(20) 0.0185(25) 
N(4R) 0.0065( 4) 0.2986( 4) 0.07360(25) 0.019( 3) 
C(14R) -0.0600( 5) 0.3577( 5) 0.1220( 	3) 0.022( 4) 
C(24R) -0.1601( 6) 0.4521( 5) 0.1075( 	3) 0.025( 4) 
C(34R) -0.1868( 6) 0.4811( 6) 0.0456( 	3) 0.032(  
C(44R) -0.1185(  0.4200( 5) -0.0038( 	3) 0.027( 4) 
C(54R) -0.0240( 6) 0.3309( 5) 0.0134( 	3) 0.024( 4) 
C1(4R) 0.06572(16) 0.25058(15) -0.04535(8) 0.0342(11) 
0(SR) 0.2594( 4) 0.4322( 3) 0.25953(22) 0.029( 3) 
N(SR) 0.4137( 5) 0.4670( 4) 0.3067( 	3) 0.031( 4) 
C(15R) 0.3611( 6) 0.4760( 5) 0.2528( 	3) 0.026( 4) 
C(25R) 0.4173( 6) 0.5322( 6) 0.1920( 	4) 0.033( 5) 
C(35R) 0.5252( 7) 0.5762( 6) 0.1884( 	4) 0.039( 5) 
C(45R) 0.5778( 7) 0.5654( 6) 0.2451( 	4) 0.042( 5) 
C(55R) 0.5186( 7) 0.5119( 6) 0.2999( 	4) 0.039( 5) 
C1(5R) 0.57856(23) 0.49444(20) 0.37290(12) 0.0686(17) 
0(6R) 0.2714( 4) 0.0302( 3) 0.12827(20) 0.021( 3) 
N(6R) 0.2462( 4) -0.0973( 4) 0.22154(24) 0.019( 3) 
C(16R) 0.2393( 5) -0.0670( 5) 0.1567( 	3) 0.020( 4) 
C(26R) 0.1973( 6) -0.1399( 5) 0.1246( 	3) 0.026( 4) 
C(36R) 0.1625( 6) -0.2395( S) 0.1598( 	3) 0.028( 4) 
C(46R) 0.1733( 6) -0.2702( 6) 0.2253( 	3) 0.030( 4) 
C(56R) 0.2161( 5) -0.1967( 5) 0.2S35( 	3) 0.021( 4) 
C1(6R) 0.23120(18) -0.23051(15) 0.33533(9) 0.0381(11) 
0(7R) 0.3252( 4) 0.1876( 3) 0.24815(20) 0.0197(25) 
N(7R) 0.4500( 4) 0.1930( 4) 0.32133(25) 0.021( 3) 
C(17R) 0.4364( 6) 0.2019( 5) 0.2583( 	3) 0.021(  
C(27R) 0.5365(  0.2266( 5) 0.2076( 	3) 0.022( 4) 
C(37R) 0.6486(  0.2456( 5) 0.2228( 	3) 0.029( 4) 
C(47R) 0.6629( 6) 0.2335( 6) 0.2871( 	3) 0.031( 4) 
C(57R) 0.5624( 6) 0.2053( 5) 0.3349( 	3) 0.026( 4) 
C1(7R) 0.57215(17) 0.18198(18) 0.41657(9) 0.0460(13) 
0(8R) 0.2422( 4) 0.3422( 3) 0.12789(20) 0.021( 3) 
N(8R) 0.2949( 4) 0.2265( 4) 0.05122(23) 0.018( 3) 
C(18R) 0.3213( 5) 0.3101( 5) 0.0789( 	3) 0.018( 4) 
C(28R) 0.4362( 6) 0.3540( 5) 0.0510( 	3) 0.023( 4) 
C(38R) 0.5186( 6) 0.3108( 6) -0.0009( 	3) 0.030( 4) 
C(48R) 0.4918( 6) 0.2238( 5) -0.0266( 3) 0.028( 4) 
C(58R) 0.3805( 6) 0.1844( 5) 0.0018( 	3) 0.024( 4) 
C1(8R) 0.34470(16) 0.07255(14) -0.02634( 	8) 0.0326(10) 
N(1N) -0.0390( 5) 0.3616( 4) 0.2234( 	3) 0.028( 4) 
0(11N) 0.0496( 4) 0.5353(  0.17681(21) 0.024( 3) 
0(21N) -0.0474( 4) 0.4885(  0.27571(22) 0.030( 3) 
0(31N) -0.1157( 4) 0.6530( 4) 0.21904(25) 0.038( 3) 
0(1W) 0.2876( 4) 0.3322( 4) 0.40634(24) 0.040( 3) 
0(1S) 0.0319(12) 0.5032(11) 0.3980( 	6) 0.066( 3) 
C(1S) -0.077( 3) 0.582( 3) 0.4006(16) 0.134(11) 
a IJ(eq) is defined as one third of the trace of the orthogonalized U... tensor. 
231 
viii Atomic coordinates and equivalent isotropic displacement parameters (A 
I
) for (8). 
x y z U(eq)a 
Dy(1) 0.13061( 	6) 0.33228( 	5) 0.23173( 3) 0.0178( 4) 
Cu(l) 0.28718(15) 0.03490(12) 0.24965( 7) 0.0192( 9) 
 0.29060(15) 0.17869(13) 0.38489( 7) 0.0226(10) 
 0.14158(15) 0.16276(12) 0.10193( 7) 0.0194( 9) 
0(1K) 0.0653( 	9) 0.2673( 	8) 0.3377( 4) 0.027( 6) 
N(1R) 0.1166(11) 0.1779( 	9) 0.4349( 5) 0.025( 7) 
C(I1R) 0.0262(15) 0.2262(11) 0.3967(6) 0.031(10) 
C(21R) -0,1062(13) 0.2288(13) 0.4254( 7) 0.034(10) 
C(31R) -0.1383(15) 0.1797(13) 0.4886( 7) 0.044(11) 
C(41R) -0.0450(14) 0.1292(13) 0.5273( 6) 0.034( 9) 
C(51R) 0.0804(16) 0.1343(12) 0.4980( 7) 0.037(10) 
C1(1R) 0.2061( 	4) 0.0791( 	3) 0.54148(17) 0.0426(25) 
0(2R) 0.2999( 	8) 0.0199( 	7) 0.3787( 4) 0.026( 6) 
N(2R) 0.4322(10) -0.0542( 	8) 0.2932( 4) 0.017( 6) 
C(128) 0.4060(13) -0.0514(11) 0.3589( 7) 0.027( 9) 
C(22R) 0.4870(13) -0.1170(11) 0.3997( 6) 0.025( 8) 
C(32R) 0.5932(14) -0.1908(12) 0.3741( 7) 0.034(10) 
C(42R) 0.6176(14) -0.1959(11) 0.3090( 7) 0,032( 9) 
C(52R) 0.5381(14) -0.1245(11) 0.2693( 6) 0.029( 9) 
C1(2R) 0.5606( 	3) -0.1235( 	3) 0.18649(16) 0.0316(22) 
0(3R) 0.1190( 	8) 0.1301( 	7) 0.2362( 4) 0.021( 5) 
N(3R) 0.0071(10) 0.0912( 	8) 0.1678( 5) 0.019( 7) 
C(13R) 0.0253(12) 0.0850(10) 0.2296( 6) 0.024( 8) 
C(23R) -0.0519(13) 0.0268(10) 0.2828( 6) 0.025( 9) 
C(33R) -0.1367(13) -0.0255(12) 0.2710( 6) 0.028( 9) 
C(43R) -0.1533(14) -0.0225(12) 0.2076( 7) 0.040(10) 
C(53R) -0.0782(12) 0.0367(10) 0.1591( 6) 0.020( 8) 
C1(3R) -0.0981( 	4) 0.0463( 	3) 0.07765(17) 0.0401(24) 
0(4R) -0.0308( 	8) 0.3248( 	7) 0.1799( 4) 0.018( 5) 
N(4R) 0.0075(10) 0.2973( 	9) 0.0737(  0.020(  
C(14R) -0.0591(12) 0.3569(10) 0.1222( 6) 0.023( 8) 
C(24R) -0.1582(13) 0.4540(11) 0.1072( 6) 0.028( 9) 
C(34R) -0.1859(13) 0.4814(12) 0.0461( 7) 0.032( 9) 
C(44R) -0,1186(14) 0.4196(12) -0.0036( 6) 0.032( 9) 
C(54R) -0.0257(12) 0.3295(10) 0.0145( 6) 0.021( 8) 
C1(4R) 0.0643( 	4) 0.2505( 	3) -0.04451(16) 0.0350(22) 
0(5R) 0.2574( 	9) 0.4284( 	7) 0.2592( 4) 0.029( 6) 
N(5R) 0.4126(11) 0.4633( 	9) 0.3043( 5) 0.027( 7) 
C(15R) 0.3604(13) 0.4726(10) 0.2523( 7) 0.023( 8) 
C(25R) 0.4141(15) 0.5314(12) 0.1896( 7) 0.039(10) 
C(35R) 0.5205(15) 0.5767(11) 0.1849( 7) 0.032(10) 
C(45R) 0.5784(15) 0.5644(12) 0.2390(8) 0.041(11) 
C(55R) 0.5178(16) 0.5097(12) 0.2971(7) 0.041(11) 
C1(SR) 0.5858( 	5) 0.4917( 	4) 0.36741(23) 0.066( 3) 
0(6R) 0.2703( 	8) 0.0283( 	7) 0.1288( 4) 0.020( 5) 
N(6R) 0.2483(10) -0.0966( 	8) 0.2212( 5) 0.021( 7) 
C(16R) 0.2384(12) -0.0687(11) 0.1559( 6) 0.020( 8) 
C(26R) 0.1983(12) -0.1421(11) 0.1254( 6) 0.025( 8) 
C(36R) 0.1610(13) -0.2413(10) 0.1604( 6) 0.027( 9) 
C(46R) 0.1720(13) -0.2714(11) 0.2252( 6) 0.027( 9) 
C(56R) 0.2145(13) -0.1983(11) 0.2537( 6) 0.026( 9) 
C1(6R) 0.2313( 	4) -0.2319( 	3) 0.33528(17) 0.0382(24) 
0(7K) 0.3264( 	8) 0.1863( 	7) 0.2477( 4) 0.020( 5) 
N(7R) 0.4531(11) 0.1884( 	9) 0.3203( 5) 0.028( 7) 
C(17R) 0.4377(12) 0.2021(10) 0.2568( 5) 0.015( 8) 
C(27R) 0.5368(12) 0.2264(10) 0.2067( 6) 0.018( 8) 
C(37R) 0.6446(14) 0.2417(12) 0.2227( 7) 0.035(10) 
C(47R) 0.6671(13) 0.2321(11) 0.2857( 6) 0.025( 3) 
C(57R) 0.5646(12) 0.2017(10) 0.3339( 6) 0.021( 8) 
C1(7R) 0.5757( 	4) 0.1774( 	3) 0.41534(17) 0.044( 3) 
0(8K) 0.2416( 	9) 0.3419( 	7) 0.1282( 4) 0.025( 6) 
N(8R) 0.2952(10) 0.2263( 	8) 0.0507( 5) 0.021( 7) 
C(18R) 0.3217(12) 0.3103(10) 0.0783( 6) 0.017(  
C(28R) 0.4338(14) 0.3538(12) 0.0510( 6) 0.030(  
C(38R) 0.5199(13) 0.3114(11) -0.0001( 6) 0.026( 9) 
C(48R) 0,4890(13) 0.2227(11) -0.0247( 7) 0.027( 9) 
C(58R) 0.3813(12) 0.1843(10) 0.0034( 6) 0.019( 8) 
C1(8R) 0.3441( 	4) 0.0736( 	3) -0.02605(16) 0.0329(22) 
N(1N) -0.0368(11) 0.5582( 	9) 0.2217( 6) 0.029( 8) 
0(11N) 0.0532( 	9) 0.5325( 	7) 0.1754( 4) 0.023( 6) 
0(21N) -0.0451( 	9) 0.4831( 	8) 0.2733(  0.028( 6) 
0(31N) -0,1162(10) 0.6489( 	8) 0.2176(  0.044( 7) 
0(1W) 0.2912(10) 0.3305( 	9) 0.4042( 5) 0.045( 7) 
0(18) 0.125( 	3) 0.4164(23) 0.6126(13) 0.079( 8) 
C(1S) -0.007( 	4) 0.464( 4) 0.6022(21) 0.081(13) 
0(28) 0.296( 	3) 0.424( 	3) 0.5063(16) 0.050( 9) 
C(2S) 0.280( 	5) 0.534( 	4) 0.4854(23) 0.092(14) 
a U(eq) is defined as one third of the trace of the orthogonal ized U. tensor. 
ix 	Atomic coordinates and equivalent isotropic displacement parameters 	(A 2 ) for (9). 
x y z U(eq)a 
Er(l) 0.13166( 	5) 0.32878( 4) 0.23058( 2) 0.0128( 	3) 
Cu(l) 0.28728(14) 0.03254(10) 0.24914( 6) 0.0153( 	8) 
Cu(2) 0.29157(13) 0.17402(10) 0.38362( 6) 0.0168( 	8) 
Cu(3) 0.14129(13) 0.16152(10) 0.10200( 6) 0.0146( 	8) 
0(1R) 0.0681( 	8) 0.2640( 6) 0.3354( 3) 0.0236(18) 
N(1R) 0.1175( 	9) 0.1759( 7) 0.4342( 4) 0.0136(20) 
C(l1R) 0.0265(11) 0.2245( 9) 0.3952( 5) 0.0178(25) 
C(21R) -0.1089(13) 0.2345(10) 0.4214( 5) 0.031( 	3) 
C(31R) -0.1386(14) 0.1858(10) 0.4866( 6) 0.037( 	3) 
C(41R) -0.0466(13) 0.1338(10) 0.5244( 6) 0.033( 	3) 
C(51R) 0.0786(12) 0.1339( 9) 0.4964( 5) 0.026( 	3) 
C1(1R) 0.2035( 	3) 0.0777( 3) 0.54044(14) 0.0384(22) 
0(2R) 0.3018( 	8) 0.0143( 6) 0.3794( 3) 0.0207(18) 
N(2R) 0.4307( 	9) -0.0558( 7) 0.2928(  0.0144(20) 
C(12R) 0.4057(11) -0.0523( 9) 0.3576(  0.0177(25) 
C(22R) 0.4905(12) -0.1228( 9) 0.3983( 5) 0.025( 	3) 
C(32R) 0.5966(12) -0.1991( 9) 0.3738( 5) 0.024( 	3) 
C(42R) 0.6191(12) -0.2020( 9) 0.3073( 5) 0.023( 	3) 
C(52R) 0.5351(11) -0.1295( 8) 0.2698( 5) 0.0159(24) 
C1(2R) 0.5602( 	3) -0.12479(24) 0.18618(12) 0.0244(18) 
0(3R) 0.1203( 	7) 0.1297( 5) 0.2354( 3) 0.0138(16) 
N(3R) 0.0077( 	9) 0.0892( 7) 0.1670( 4) 0.0178(21) 
C(13R) 0.0247(11) 0.0820( 8) 0.2307( 4) 0.0145(24) 
C(23R) -0.0512(12) 0.0252( 9) 0.2826( 5) 0.024( 	3) 
C(33R) -0.1380(13) -0.0307(10) 0.2708( 5) 0.030( 	3) 
C(43R) -0.1547(13) -0.0269(10) 0.2082( 5) 0.035( 	3) 
C(53R) -0.0865(12) 0.0362( 9) 0.1587( 5) 0.025( 	3) 
C1(3R) -0.0985( 	3) 0.04470(25) 0.07852(13) 0.0341(20) 
0(4R) -0.0286( 	7) 0.3214( 5) 0.1794( 3) 0.0162(16) 
N(4R) 0.0070( 	9) 0.2954( 7) 0.0745( 4) 	- 0.0159(20) 
C(14R) -0.0602(11) 0.3561( 8) 0.1227( 5) 0.0171(25) 
C(24R) -0.1579(12) 0.4494( 9) 0.1087( 5) 0.020( 	3) 
C(34R) -0.1868(12) 0.4820( 9) 0.0462( 5) 0.025( 	3) 
C(44R) -0.1201(11) 0.4199( 9) -0.0030( 5) 0.022( 	3) 
C(54R) -0.0279(11) 0.3309( 9) 0.0140( 5) 0.0167(24) 
C1(4R) 0.0625( 	3) 0.25059(24) -0.04389(13) 0.0298(19) 
0(5R) 0.2576( 	8) 0.4241( 6) 0.2573( 3) 0.0223(18) 
N(5R) 0.4127( 	9) 0.4611( 7) 0.3019( 4) 0.0199(21) 
C(1SR) 0.3589(12) 0.4700( 9) 0.2494( 5) 0.020( 	3) 
C(25R) 0.4110(12) 0.5294( 9) 0.1888( 5) 0.029( 	3) 
C(35R) 0.5187(12) 0.5740( 9) 0.1839( 5) 0.027( 	3) 
C(45R) 0.5789(12) 0.5623( 9) 0.2390( 5) 0.028( 	3) 
C(55R) 0.5194(12) 0.5070(10) 0.2951( 5) 0.028( 	3) 
C1(5R) 0.5849( 	4) 0.4870( 3) 0.36616(16) 0.0505(25) 
0(6R) 0.2690( 	7) 0.0263( 5) 0.1282( 3) 0.0163(16) 
N(6R) 0.2462( 	9) -0.1008( 7) 0.2214( 4) 0.0127(19) 
C(16R) 0.2402(11) -0.0707( 8) 0.1568( 5) 0.0167(25) 
C(26R) 0.1969(11) -0.1441( 9) 0.1253( 5) 0.020( 	3) 
C(36R) 0.1605(12) -0.2432( 9) 0.1598( 5) 0.025( 	3) 
C(46R) 0.1728(11) -0.2753( 9) 0.2258( 5) 0.023( 	3) 
C(56R) 0.2155(12) -0.2025( 9) 0.2538( 5) 0.021( 	3) 
C1(6R) 0.2297( 	3) -0.23511(24) 0.33489(13) 0.0334(20) 
0(7R) 0.3258( 	7) 0.1836( 5) 0.2464( 3) 0.0139(16) 
N(7R) 0.4521( 	9) 0.1837( 7) 0.3194( 4) 0.0142(20) 
C(17R) 0.4378(11) 0.1983( 8) 0.2564( 5) 0.0144(24) 
C(27R) 0.5397(11) 0.2241(  0.2061( 5) 0.0184(25) 
C(37R) 0.6478(12) 0.2433(  0.2195( 5) 0.024( 	3) 
C(47R) 0.6666(12) 0.2265( 9) 0.2849( 5) 0.025( 	3) 
C(57R) 0.5654(12) 0.1991( 9) 0.3312( 5) 0.024( 	3) 
C1(7R) 0.S789( 	3) 0.1702( 3) 0.41342(14) 0.0370(21) 
0(8R) 0.2430( 	7) 0.3383( 5) 0.1277( 3) 0.0160(16) 
N(8R) 0.2930( 	9) 0.2253( 7) 0.0523( 4) 0.0154(20) 
C(18R) 0.3244(11) 0.306S( 8) 0.0784( 5) 0.0160(25) 
C(28R) 0.4368(11) 0.3526( 9) 0.0S19( 5) 0.0170(25) 
C(38K) 0.5210(12) 0.3093( 9) 0.0017( 5) 0.026( 	3) 
C(48R) 0.4921(12) 0.2233( 9) -0.0264( 5) 0.022( 	3) 
C(58R) 0.3808(11) 0.1853( 9) 0.0027( 5) 0.0176(25) 
C1(8R) 0.3442( 	3) 0.07371(23) -0.02582(13) 0.0283(18) 
N(1N) -0.0359( 	9) 0.5527( 7) 0.2196( 4) 0.0159(20) 
0(11N) 0.0S79( 	8) 0.5280( 6) 0.1737( 3) 0.0209(18) 
0(2114) -0.0441( 	8) 0.4770( 6) 0.2715( 3) 0.0249(19) 
0(3114) -0.1138( 	8) 0.6445( 6) 0.2148( 3) 0.0311(20) 
0(1W) 0.2964( 	8) 0.3244( 6) 0.4014( 3) 0.0246(18) 
C(1W) 0.216( 	3) 0.389( 3) 0.4467(14) 0.061( 	9) 
0(1S) -0.1374(14) 0.5834(11) 0.3838( 6) 0.099( 	4) 
C(1S) -0.050( 	3) 0.6450(20) 0.3772(11) 0.032( 	6) 
C(1SA) 0.001( 	4) 0.541( 3) 0.4017(16) 0.075(10) 
a U(eq) is defined as one third of the trace of the orthogonalized U.. tensor. 
233 
x Atomic coordinates and equivalent isotropic displacement parameters (A
2 ) for (10). 
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4) CI(1R) 0.2222(4) 0.24155(21) 1.05387(15) 0.0585(22) C(1IR) 0.2876(14) 0.3536( 8) 1.0931( 5) 0.038(  C(21R) 0.4113(12) 0.3625(  1.1292( 5) 0.036( 7) C(31R) 0.4685(13) 0.4572( 8) 1.lS69( 4) 0.033( 7) C(41R) 0.3951(13) 0.5362( 8) 1.1482( 4) 0.034( 7) 
C(SIR) 0.2682(12) 0.3208( 7) 1.1109( 4) 0.025( 6) N(2R) 0.1302(10) 0.6795( 6) 0.9247( 4) 0.028( 5) 
0(2R) 0.1422( 	9) 0.7404( 5) 1.0091( 3) 0.033( 5) 
C1(2R) 0.0964(4) 0.58587(19) 0.83306(12) 0.0392(17) 
C(12R) 0.1869(12) 0.7S77( 7) 0.9617( 4) 0.026( 6) 
C(22R) 0.2864(14) 0.8506( 7) 0.9468( 5) 0.034( 7) 
C(32R) 0.3202(14) 0.8622( 8) 0.8954( 5) 0.037( 7). 
C(42R) 0.2575(13) 0.7811( 7) 0.8581( 3) 0.035( 7) 
C(52R) 0.1698(12) 0.6935( 7) 0.8752( 4) 0.024( 6) 
C(11E) 0.5363(19) 0.3071( 9) 0.2779( 7) 0.068(11) 
C(21E) 0.6580(18) 0.4046(10) 0.3015( 6) 0.065(10) 
0(31E) 0.6050( 9) 0.4929( 6) 0.2829( 4) 0.046( 5) 
C(41E) 0.7204(18) 0.5869(10) 0.3002( 7) 0.069(11) 
C(51E) 0.6673(19) 0.6749(10) 0.2741(7) 0.071(11) 
Yb(2) 0.03142( 	3) 0.23961( 3) 0.40892( 2) 0.0287( 3) 
Cu(2) -0.07135(14) -0.07226( 8) 0.45618( 5) 0.0268( 7) 
N(3N) -0.2005(12) 0.3452( 7) 0.4383( 4) 0.042( 7) 
0(13N) -0.2304( 9) 0.2437( 3) 0.4330( 4) 0.047( 6) 
0(23N) -0.0571(10) 0.3912( 5) 0.4290( 3) 0.043(  
0(33N) -0.3004(12) 0.3916(  0.4511( 4) 0.066(  
N(4N) -0.0055(15) 0.2394(  0.2991( 5) 0.054( 8) 
0(14N) 0.1197(11) 0.2196( 6) 0.3200( 3) 0.053( 6) 
0(24N) -0.1020(11) 0.2669( 6) 0.3313( 4) 0.058( 6) 
0(34N) -0.0292(16) 0.2289( 9) 0.2512( 5) 0.092(10) 
0(4M) 0.2512( 	9) 0.3758( 5) 0.4010( 3) 0.035( S) 
C(4M) 0.3313(14) 0.4433( 9) 0.4445( 5) 0.044( 8) 
O(SM) 0.2280( 	9) 0.1S23( 3) 0.4183( 3) 0.040( 5) 
C(5M) 0.3948(18) 0.1770(12) 0.4129(8) 0.089(13) 
0(6M) -0.1409( 	7) -0.0003( 4) 0.5159( 3) 0.025( 4) 
C(6M) -0.2768(12) 0.0429( 8) 0.5143( 5) 0.035( 7) 
N(3R) 0.0040(10) 0.1915( 6) 0.5745( 4) 0.029( 3) 
0(3R) 0.0642( 	9) 0.2414( 5) 0.4940( 3) 0.036( 5) 
C1(3R) -0.0693( 4) 0.10603(20) 0.66325(13) 0.0469(19) 
C(13R) 0.0203(12) 0.2656( 7) 0.5402( 5) 0.032( 7) 
C(23R) -0.0114(13) 0.3608( 7) 0.5534( 5) 0.033( 7) 
C(33R) -0.0625(13) 0.3745( 8) 0.6039( 5) 0.040( 8) 
C(43R) -0.0832(13) 0.2980( 8) 0.6407( 5) 0.033( 7) 
C(53R) -0.0477(12) 0.2080( 8) 0.6221( 5) 0.036( 7) 
N(4R) -0.2572( 	9) -0.0776( 5) 0.4083(  0.028( 3) 
0(4R) -0.1001( 	8) 0.0788(  0.3980( 3) 0.034( 5) 
C1(4R) -0.4210( 	4) -0.26029(22) 0.43110(15) 0.0543(21) 
C(14R) -0.2301(13) 0.0113( 8) 0.3832( 5) 0.034( 7) 
C(24R) -0.3377(14) 0.0238( 8) 0.3443( 3) 0.040( 8) 
C(34R) -0.4666(14) -0.0529(10) 0.3310( 6) 0.052( 9) 
C(44R) -0.4998(14) -0.1444( 9) 0.3580( 5) 0.041( 8) 
C(54R) -0.3921(13) -0.1519(  0.3950( 5) 0.037( 7) 
C(12E) -0.2320(18) -0.0669(12) 0.1934(  0.078(12) 
C(22E) -0.0927(21) -0.0254(23) 0.2190(9) 0.151(22) 
0(32E) 0.0325(11) -0.0056( 6) 0.1932( 3) 0.050( 6) 
C(42E) 0.1965(20) 0.0472(16) 0.2202( 8) 0.103(15) 
C(52E) 0.3354(21) 0.0671(14) 0.1900( 8) 0.095(14) 
0(10M) 0.3071(10) 0.4887( 6) 0.3185( 3) 0.048( 6) 
C(IOM) 0.1954(16) 0.4810(10) 0.2769( 6) 0.055( 9) 
a U(eq) is defined as one third of the trace of the orthogonalized U.. tensor. 
234 
xi Atomic coordinates and equivalent isotropic displacement parameters (A 2) for (11). 
Atom x y z 
U(eq)a 
La(l) 0.12475( 4) 0.34994( 4) 0.23495( 2) 0.0156( 3) 
Cu(1) 0.28302( 9) 0.04617( 8) 0.24960( 5) 0.0153( 6) 
Cu(2) 0.28675( 9) 0.18553( 8) 0.38378( 5) 0.0194( 6) 
Cu(3) 0.14059( 9) 0.17023( 8) 0.10138( 5) 0.0166( 6) 
O(1R) 0.0S82( 5) 0.2832( 5) 0.3478( 3) 0.026( 4) 
N(1R) 0.1146( 6) 0.1834( 5) 0.4407( 3) 0.020( 4) 
C(11R) 0.0218( 8) 0.2354( 7) 0.4052( 4) 0.022( 5) 
C(21R) -0.1057( 8) 0.2325( 8) 0.4348( 4) 0.030( 6) 
C(31R) -0.1368( 9) 0.1788( 8) 0.4972( 5) 0.040( 7) 
C(41R) -0.0409( 8) 0.1239( 7) 0.5325( 5) 0.029( 6) 
C(51R) 0.0817( 8) 0.1305( 7) 0.5016( 4) 0.027( 6) 
Cl(IR) 0,20908(24) 0.06917(23) 0.54113(12) 0.0435(16) 
0(2R) 0.2924( 5) 0.0289( 4) 0.3788( 3) 0.021( 4) 
N(2R) 0.4248( 6) -0.0415( 5) 0.2933( 3) 0.014( 4) 
C(12R) 0.3979( 8) -0.0374( 6) 0.3577( 4) 0.019( 5) 
C(22R) 0.4776( 8) -0.1038( 7) 0.3993( 4) 0.025( 5) 
C(32R) 0.5821( 9) -0.1780( 8) 0.3734( 5) 0.034( 6) 
C(42R) 0.6085( 8) -0.1829( 6) 0.3065( 4) 0.023( 5) 
C(52R) 0.5280( 8) -0.1130( 6) 0.2697( 4) 0.020( 5) 
Cl(2R) 0.55578(19) -0.11031(19) 0.18577(11) 0.0297(14) 
0(3R) 0.1158( 5) 0.1391( 4) 0.2387( 3) 0.016( 3) 
N(3R) 0.0080( 6) 0.0954( 5) 0.1683( 3) 0.015( 4) 
C(13R) 0.0251( 7) 0.0893( 6) 0.2292(  0.018(  
C(23R) -0.0506( 8) 0.0318( 7) 0.2812( 4) 0.023( 5) 
C(33R) -0.1373( 8) -0.0237( 7) 0.2681(  0.032(  
C(43R) -0.1531( 8) -0.0214( 8) 0.2054( 5) 0.031( 6) 
C(53R) -0.0778( 8) 0.0402( 6) 0.1567( 4) 0.022( 5) 
C1(3R) -0.09071(23) 0.04891(20) 0.07601(12) 0.0377(15) 
0(4R) -0.0373( 5) 0.3297( 4) 0.1780( 3) 0.019( 4) 
N(4R) 0.0072( 6) 0.2990( 5) 0.0722( 3) 0.019( 4) 
C(14R) -0.0647( 8) 0.3593( 7) 0.1211( 4) 0.023( 5) 
C(24R) -0.1612( 8) 0.4505( 7) 0.1052( 5) 0.025( 6) 
C(34R) -0.1869( 8) 0.4774( 8) 0.0441( 5) 0.032( 6) 
C(44R) -0.1167( 8) 0.4167( 7) -0.0051( 5) 0.029( 6) 
C(54R) -0.0221( 8) 0.3297( 7) 0.0126( 4) 0.020( 5) 
C1(4R) 0.07026(23) 0.25052(19) -0.04605(12) 0.0354(15) 
0(5R) 0.2687( 6) 0.4482( 5) 0.2617( 4) 0.038( 4) 
N(SR) 0.4214( 9) 0.4696( 7) 0.3125( 6) 0.067( 8) 
C(15R) 0.3692( 9) 0.4859( 7) 0.2561( 5) 0.034( 7) 
C(25R) 0.4336(10) 0.5420( 9) 0.2024( 8) 0.066( 9) 
C(35R) 0.5433(13) 0.5831(10) 0.1981(9) 0.078(11) 
C(45R) 0.5911(13) 0.5667(11) 0.2534(10) 0.084(12) 
C(SSR) 0.5289(13) 0.5106(10) 0.3084(10) 0.090(12) 
C1(5R) 0.5865( 5) 0.4853( 3) 0.3821( 3) 0.146( 5) 
0(6R) 0.2690( 5) 0.0419( 4) 0.1284( 3) 0.019( 3) 
N(6R) 0.2451( 6) -0.0874( 5) 0.2191( 3) 0.016( 4) 
C(16R) 0.2397( 7) -0.0574( 6) 0.1551(  0.018(  
C(26R) 0.2013( 7) -0.1299( 6) 0.1213( 4) 0.020( 5) 
C(36R) 0.1689( 8) -0.2315( 7) 0.1550( 5) 0.027( 6) 
C(46R) 0.1797( 8) -0.2628( 7) 0.2188(  0.025(  
C(56R) 0.2174( 8) -0.1881( 6) 0.2492( 4) 0.017( 5) 
C1(6R) 0.23110(23) -0.22283(19) 0.33075(12) 0.0339(14) 
0(7R) 0.3247( 5) 0.1960( 4) 0.2509( 3) 0.020( 4) 
N(7R) 0.4487( 6) 0.1964( 5) 0.3241( 3) 0.016( 4) 
C(17R) 0.4370( 7) 0.2073( 6) 0.2619(  0.019(  
C(27R) 0.5369( 8) 0.2333( 7) 0.2109( 4) 0.025( 6) 
C(37R) 0.6481( 8) 0.2474( 7) 0.2269( 5) 0.030( 6) 
C(47R) 0.6643( 8) 0.2320( 7) 0.2913( 5) 0.030( 6) 
C(57R) 0.5633( 8) 0.2049( 7) 0.3378( 4) 0.027( 6) 
C1(7R) 0.57225(23) 0.17898(21) 0.41973(12) 0.0390(16) 
0(8R) 0.2406( 5) 0.3495( 4) 0.1251( 3) 0.023( 4) 
N(8R) 0.2944( 6) 0.2332( 5) 0.0487( 3) 0.017( 4) 
C(18R) 0.3204( 8) 0.3158( 7) 0.0768( 4) 0.021( 5) 
C(28R) 0.4352( 8) 0.3613( 7) 0.0505( 5) 0.030( 6) 
C(38R) 0.5173( 8) 0.3164( 8) -0.0006( 5) 0.036( 6) 
C(48R) 0.4908( 9) 0.2289( 8) -0.0260( 5) 0.031( 6) 
C(58R) 0.3814( 8) 0.1893( 7) 0.0009( 4) 0.024( 5) 
C1(8R) 0.34443(23) 0.07577(19) -0.02617(12) 0.0341(15) 
N(1N) -0.0504( 7) 0.5787( 6) 0.2229( 4) 0.026( 5) 
0(11N) 0.0430( 5) 0.5529( 5) 0.1780( 3) 0.026( 4) 
0(21N) -0.0633( 6) 0.5087( 5) 0.2740( 3) 0.034( 4) 
0(31N) -0.1252( 6) 0.6693( 5) 0.2169( 4) 0.042( 5) 
0(1E) 0.2951( 6) 0.3329( 5) 0.4107(  0.047(  
C(1E) 0.2053(22) 0.4140(19) 0.4387(12) O.0S2(  
C(2E) 0.2551(21) 0.5016(18) 0.4628(12) 0.048(6) 
C(1S) 0.0309(24) 0.5647(21) 0.3919(13) 0.062(  
C(2S) 0.0924(23) 0.5601(20) 0.4506(13) 0.059( '7) 
0(IS) 0.0921(14) 0.4537(12) 0.4923(  0.053( 4) 
C(3S) 0.143( 3) 0.4450(22) 0.5520(14) 0.069( 7) 
C(4S) 0.0990(22) 0.3455(19) 0.5993(12) 0.055( 6) 
a U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 
235 
xii Atomic coordinates and equivalent isotropic displacement parameters (A2 ) for (12). 
Atom x y z U(eq)a 
La(l) 0.0387(1) 0.0866(1) 1.0881(1) 0.016(1) 
Cu(1) 0.2428(1) 0.0968(1) 0.7905(1) 0.019(1) 
N(1N) 0.1102(9) 0.2011(6) 1.2124(7) 0.029(6) 
0(11N) 0.1908(6) 0.1521(6) 1.1534(6) 0.036(4) 
0(21N) -0.0015(6) 0.1998(6) 1.2185(6) 0.040(4) 
0(31N) 0.1368(8) 0.2476(6) 1.2626(6) 0.046(6) 
N(1R) 0.3273(6) 0.2058(6) 0.8077(6) 0.020(4) 
0(1R) 0.1494(5) 0.2326(4) 0.9470(5) 0.023(3) 
C(11R) 0.2664(8) 0.2569(7) 0.8838(7) 0.018(4) 
C(21R) 0.3279(10) 0.3322(8) 0.8953(8) 0.035(7) 
C(31R) 0.4480(10) 0.3566(8) 0.8271(9) 0.040(6) 
C(41R) 0.5105(9) 0.3083(8) 0.7467(9) 0.037(5) 
C(S1R) 0.4482(8) 0.2358(7) 0.7396(8) 0.025(5) 
C1(1R) 0.5161(2) 0.1754(2) 0.6367(2) 0.033(1) 
N(2R) 0.1050(6) 0.1963(6) 0.7697(6) 0.019(4) 
0(2R) -0.0043(5) 0.0871(4) 0.9257(4) 0.018(3) 
C(12R) -0.0075(8) 0.1645(7) 0.8489(7) 0.020(5) 
C(22R) -0.1208(8) 0.2173(7) 0.8467(7) 0.022(5) 
C(32R) -0.1162(9) 0.3015(7) 0.7645(8) 0.028(5) 
C(42R) 0.0012(9) 0.3345(8) 0.6840(8) 0.029(6) 
C(52R) 0.1048(8) 0.2785(7) 0.6921(7) 0.024(5) 
C1(2R) - 0.2524(2) 0.3151(2) 0.5948(2) 0.036(1) 
N(3R) - 	-0.0504(7) 0.3613(6) 0.9684(6) 0.023(4) 
0(3R) -0.1339(5) 0.2128(5) 1.0812(5) 0.023(3) 
C(13R) -0.1529(9) 0.3027(8) 1.0364(8) 0.025(5) 
C(23R) -0.2720(9) 0.3524(8) 1.0484(8) 0.027(5) 
C(33R) -0.2819(10) 0.4488(8) 0.9941(8) 0.032(6) 
C(43R) -0.1737(9) 0.5043(8) 0.9220(7) 0.031(6) 
C(53R) -0.0610(9) 0.4566(7) 0.9112(7) 0.025(6) 
C1(3R) 0.0803(3) 0.5145(2) 0.8282(2) 0.043(2) 
N(4R) 0.3561(6) -0.0144(6) 0.8364(6) 0.020(4) 
0(4R) 0.2423(6) 0.0270(5) 0.9932(5) 0.026(3) 
C(14R) 0.3361(8) -0.0245(7) 0.9412(8) 0.020(4) 
C(24R) 0.4156(8) -0.0875(7) 0.9861(8) 0.027(5) 
C(34R) 0.5095(9) -0.1419(8) 0.9286(9) 0.037(5) 
C(44R) 0.5275(9) -0.1350(8) 0.8230(9) 0.033(5) 
C(54R) 0.4486(9) -0.0711(7) 0.7827(8) 0.029(5) 
C1(4R) 0.4640(2) -0.0625(2) 0.6527(2) 0.038(1) 
N(5R) 0.0051(7) -0.0337(6) 1.2893(6) 0.027(5) 
0(5R) -0.1671(5) 0.0036(5) 1.2442(5) 0.020(3) 
C(15R) -0.1236(9) -0.0325(7) 1.3205(7) 0.025(6) 
C(25R) -0.2028(10) -0.0670(8) 1.4303(8) 0.038(6) 
C(35R) -0.1484(13) -0.1019(8) 1.5031(9) 0.047(10) 
C(45R) -0.0159(12) -0.1061(8) 1.4688(8) 0.042(8) 
C(55R) 0.0532(10) -0.0703(8) 1.3634(9) 0.032(6) 
C1(5R) 0.2165(3) -0.0735(3) 1.3167(3) 0.055(2) 
N(6R) 0.6257(7) 0.4210(6) 0.4540(6) 0.024(4) 
0(6R) 0.4499(6) 0.4525(5) 0.4125(5) 0.028(3) 
C(16R) 0.5383(9) 0.4015(7) 0.4032(7) 0.023(5) 
C(26R) 0.5982(9) 0.3312(7) 0.3419(8) 0.026(5) 
C(36R) 0.7109(9) 0.2784(8) 0.3327(8) 0.029(6) 
C(46R) 0.7839(9) 0.2996(7) 0.3834(8) 0.029(5) 
C(56R) 0.7357(9) 0.3680(8) 0.4422(7) 0.025(5) 
C1(6R) 0.8221(2) 0.3960(2) 0.5086(2) 0.036(1) 
N(1S) 0.4092(10) 0.4077(8) 0.1775(10) 0.055(6) 
C(1S) 	- 0.3219(12) 0.4062(9) 0.2499(10) 0.040(7) 
C(2S) 0.2080(12) 0.4059(9) 0.3419(10) 0.049(9) 
a U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 
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xiii Atomic coordinates and equivalent isotropic displacement parameters (A) for (13). 
Atom 	 x 	 y 	 z 	
U(eq)a 
La(l) 1.07938( 	7) 0.20392( 	6) 0.26779( 4) 0.0323( 4) 
Cu(l) 0.97335(13) -0.10641(11) 0.45510(8) 0.0301(8) 
N(1R) 0.7230(10) 0.2124( 	9) 0.0817( 6) 0.042( 6) 
O(1R) 0.9073(10) 0.1687( 	8) 0.1666( 5) 0.055( 6) 
C(11R) 0.8307(14) 0.1360(12) 0.1119(7) 0.046(8) 
C(21R) 0.8461(14) 0.0249(12) 0.0769( 8) 0.052( 8) 
C(31R) 0.7595(15) 0.0032(14) 0.0140( 9) 0.058( 9) 
C(41R) 0.6533(16) 0.0813(16) -0.0141(  0.065(10) 
C(51R) 0.6342(13) 0.1895(13) 0.0219( 8) 0.049( 8) 
C(61R) 0.5207(16) 0.2833(14) 0.0011(9) 0.069(10) 
N(2R) 0.7970( 	9) -0.2107( 	8) 0.4606( 6) 0.031( 5) 
0(2R) 0.8722( 	8) -0.2388( 	7) 0.5909( 5) 0.040( 5) 
C(12R) 0.7750(12) -0.2608( 	9) 0.5397( 8) 0.036( 7) 
C(22R) 0.6479(12) -0.3303(10) 0.5626( 8) 0.042( 7) 
C(32R) 0.5516(14) -0.3459(12) 0.5031(10) 0.055( 9) 
C(42R) 0.5760(15) -0.2952(11) 0.4225( 9) 0.055( 9) 
C(52R) 0.7033(13) -0.2265(10) 0.4020( 8) 0.041( 7) 
C(62R) 0.7382(15) -0.1695(12) 0.3153( 8) 0.054( 8) 
N(3R) 1.0975(10) -0.1854( 	8) 0.3690( 6) 0.034( 5) 
0(3R) 1.0597( 	8) -0.0057( 	7) 0.3037( 5) 0.040( 5) 
C(13R) 1.1143(12) -0.1115( 	9) 0.2992( 8) 0.037( 7) 
C(23R) 	- 1.1915(14) -0.1510(11) 0.2254( 8) 0.046( 8) 
C(33R) 1.2466(15) -0.2655(11) 0.2292( 8) 0.050( 8) 
C(43R) 1.2313(13) -0.3398(11) 0.3009( 8) 0.043( 7) 
C(53R) 1.1569(12) -0.2969( 	9) 0.3706( 7) 0.037( 7) 
C(63R) 1.1362(14) -0.3710(10) 0.4527( 8) 0.045(  
N(lN) 1.2231(17) 0.4124(11) 0.1545(  0.070( 9) 
O(11N) 1.1298(13) 0.3494( 	8) 0.1276( 5) 0.062( 6) 
0(21N) 1.2627(11) 0.3841( 	9) 0.2273( 6) 0.061( 7) 
0(31N) 1.2792(14) 0.4934( 	9) 0.1096( 7) 0.081( 8) 
N(2N) 1.3803(10) 0.0951( 	9) 0.2096( 6) 0.041( 6) 
0(12N) 1.2776( 	9) 0.1217( 	7) 0.1610( 5) 0.046( 5) 
0(22N) 1.3558( 	8) 0.1306( 	8) 0.2829( 5) 0.047( 5) 
0(32N) 1.4936( 	9) 0.0435( 	9) 0.1893( 6) 0.061( 6) 
O(1M) 0.8628( 	8) 0.0322( 	6) 0.4958( 4) 0.033( 4) 
C(1M) 0.7151(13) 0.0291(11) 0.5321( 8) 0.042( 7) 
0(2M) 0.9255(11) 0.4003( 8) 0.2639( 5) 0.056( 6) 
C(2M) 0.8838(19) 0.4728(12) 0,3302( 9) 0.066(10) 
0(3M) 0.8347( 	8) 0.1765( 	7) 0.3582( 5) 0.045( 5) 
C(3M) 0.6844(13) 0.1783(11) 0.3326( 9) 0.051( 8) 
O(1MS) 0.8506(14) 0.6203(10) 0.0467( 7) 0.084( 8) 
C(1MS) 0.9718(19) 0.6736(14) 0.0751(12) 0.079(12) 
0(2MS) 0.7261(12) 0.4494( 8) 0.1481(  0.061(  
C(2MS) 0.5995(19) 0.4987(19) 0.1897(14) 0.103(15) 
a U(eq) is defined as one third of the trace of the orthoganalized U... tensor. 
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xiv Atomic coordinates and equivalent isotropic displacement parameters (A) for (14). 
Atom 	 X 	 y 	 z 	
U(eq)a 
Ce(1) 0.42154( 4) 0.06034( 3) 0.21326( 3) 0.0504( 2) 
Cu(l) 0.53294( 8) 0.13113( 6) 0.48089( 5) 0.0495( 5) 
N(1R) 0.7969(  0.2510( 5) 0.0080( 4) 0.070( 4) 
O(1R) 0.6020( 6) 0.1823( 5) 0.1058( 4) 0.087( 4) 
C(11R) 0.6772( 9) 0.2719( 7) 0.0607( 5) 0.071( 5) 
C(21R) 0.6504(10) 0.3930( 8) 0.0586( 6) 0.095( 7) 
C(31R) 0.7418(14) 0.4831( 9) 0.0032( 8) 0.115( 9) 
C(41R) 0.8591(12) 0.4557(10) -0.0510( 7) 0.105( 8) 
C(SIR) 0.8891( 9) 0.3394( 9) -0.0467( 5) 0.085( 6) 
C(61R) 1.0148(11) 0.3010(10) -0.0969( 7) 0.132( 9) 
N(2R) 0.7110( 5) 0.2132( 4) 0.5020( 4) 0.052( 3) 
0(2R) 0,6384( 5) 0.1032( 3) 0.6500( 3) 0.055( 3) 
C(12R) 0.7363( 7) 0.1740( 5) 0.5960( 5) 0.050( 4) 
C(22R) 0.8599( 7) 0.2128( 6) 0.6288( 5) 0.062( 5) 
C(32R) 0.9556( 8) 0.2873( 7) 0.5642( 7) 0.082( 6) 
C(42R) 0.9284( 8) 0.3262( 6) 0.4687( 6) 0.07S( 6) 
C(52R) 0.8073( 8) 0.2873( 6) 0.4395( 5) 0.061( 5) 
C(62R) 0.7691( 9) 0.3250( 7) 0.3371( 5) 0.089( 6) 
N(3R) 0.4159( 5) 0.2798( 4) 0.4246( 4) 0.052( 3) 
0(3R) 0.448S( 5) 0.1964( 4) 0.3047( 3) 0.066( 3) 
C(13R) 0.3966( 7) 0.2885( 5) 0'.3324( 5) 0.058( 5) 
C(23R) 0.3266( 8) 0.3914( 5) 0.2745( 5) 0.065( 5) 
C(33R) 0.2761( 8) 0.4810( 6) 0.3105( 6) 0.073( 5) 
C(43R) 0.2953( 7) 0.4703( 5) 0.4051( 6) 0.068( 5) 
C(53R) 0.3646( 7) 0.3697( 5) 0.4602( 5) 0.059( 5) 
C(63R) 0.3892( 8) 0.3508( 6) 0.S621( 5) 0.072( 5) 
N(1N) 0.2554( 9) 0.0141( 7) 0.0519( 5) 0.086(  
O(11N) 0.3676(  0.0795( 5) 0.0343( 4) 0.087( 4) 
0(21N) 0.2178( 6) -0.0369( 5) 0.1370( 4) 0.088( 4) 
0(31N) 0.1855( 8) -0.0004( 6) -0.0128( 5) 0.120( 5) 
N(2N) 0.1331( 7) 0.2029( 5) 0.1914( 5) 0.070( 5) 
0(22N) O.1516( 5) 0.1133( 4) 0.2630( 3) 0.072( 3) 
0(12N) 0.2412( 6) 0.2339( 4) 0.1314( 3) 0.071( 3) 
0(32N) 0.0171( 7) 0.2601( 5) 0.1797( 5) 0.107( S) 
O(1M) 0.6331( 4) -0.0204( 3) 0.4775( 3) 0.052( 3) 
C(1M) 0.7843( 8) -0.0519( 6) 0.5036( 5) 0.070( 5) 
0(2M) 0.5398( 6) -0.1166( 4) 0.1563( 3) 0.083( 4) 
C(2M) 0.5142(12) -0.2391( 8) 0.1836( 6) 0.121( 9) 
0(3M) 0.6596( 5) -0.0034( 4) 0.2934( 3) 0.071( 3) 
C(3M) 0.8058( 9) -0.0111( 8) 0.2583( 6) 0.091(  
a U(eq) is defined as one third of the trace of the orthoganalized U... tensor. 
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xv Atomic coordinates and equivalent isotropic displacement parameters (A) for (15). 
Atom 	 x 	 y 	 z 	
U(eq)a 
Nd(l) 0.92424( 3) -0.20169( 2) 0.76755( 2) 0.0204( 2) 
Cu(l) 1.02617( 7) 0.10741( 5) 0.95625( 4) 0.0194( 4) 
N(1R) 1.2730( 5) -0.2133( 4) 0.5838( 3) 0.031( 3) 
O(1R) 1.0948( 4) -0.1669( 3) 0.6705( 3) 0.0350(25) 
C(11R) 1.1700( 7) -0.1350( 5) 0.6139( 4) 0.028( 4) 
C(21R) 1.1548( 7) -0.0261( 5) 0.5781( 4) 0.037( 4) 
C(31R) 1.2405( 8) -0.0021( 6) 0.5153( 4) 0.044( 4) 
C(41R) 1.3457( 7) -0.0861( 6) 0.4864( 4) 0.041( 4) 
C(51R) 1.3633( 7) -0.1893( 5) 0.5225( 4) 0.035( 4) 
C(61R) 1.4803( 8) -0.2847( 6) 0.5029( 5) 0.051( 5) 
N(2R) 1.2013( 5) 0.2137( 3) 0.9650( 3) 0.021( 3) 
0(2R) 1.1220( 4) 0.2390( 3) 1.09479(24) 0.0244(22) 
C(12R) 1.2241( 6) 0.2624( 4) 1.0457( 4) 0.020( 3) 
C(22R) 1.3480( 6) 0.3314( 4) 1.0708( 4) 0.027( 4) 
C(32R) 1.4485( 7) 0.3503( 5) 1.0133( 4) 0.037( 4) 
C(42R) 1.4238( 7) 0.3007( 5) 0.9309( 4) 0.033( 4) 
C(52R) 1.3007( 6) 0.2324( 4) 0.9090( 4) 0.025( 3) 
C(62R) 1.2654( 7) 0.1755( 5) 0.8211( 4) 0.040(  
N(3R) 0.9022(  0.1851( 3) 0.8677( 3) 0.019( 3) 
0(3R) 0.9446( 4) 0.0043( 3) 0.80636(23) 0.0237(22) 
C(13R) 0.8879( 6) 0.1096( 4) 0.7995( 4) 0.024( 3) 
C(23R) 0.8160( 7) 0.1492( 5) 0.7243( 4) 0.028( 4) 
C(33R) 0.7586( 7) 0.2627( 5) 0.7255( 4) 0.034( 4) 
C(43R) 07701( 7) 0.3379( 5) 0.7980( 4) 0.031( 4) 
C(53R) 0.8424( 6) 0.2969( 4) 0.8688( 4) 0.024( 3) 
C(63R) 0.8611( 7) 0.3694( 4) 0.9518( 4) 0.031( 4) 
N(1N) 0.7798( 6) -0.4079( 4) 0.6555( 3) 0.032( 3) 
O(11N) 0.8782( 5) -0.3443( 3) 0.6287( 3) 0.036( 3) 
0(21N) 0.7432( 5) -0.3773( 3) 0.7290( 3) 0.035( 3) 
0(31N) 0.7257( 5) -0.4927( 3) 0.6127( 3) 0.043( 3) 
N(2N) 0.6261( 6) -0.0971( 4) 0.7099( 3) 0.030( 3) 
0(12N) 0.7305( 4) -0.1212( 3) 0.66096(25) 0.0301(24) 
0(22N) 0.6535( 4) -0.1308( 3) 0.7834( 3) 0.0306(25) 
0(32N) 0.5125( 5) '-0.0447( 4) 0.6880( 3) 0.043( 3) 
O(1M) 1.1369( 4) -0.0315( 3) 0.99591(23) 0.0195(21) 
C(1M) 1.2870( 7) -0.0297( 5) 1.032S( 4) 0.031( 4) 
0(2M) 1.0709( 4) -0.3965( 3) 0.7657( 3) 0.0338(25) 
C(2M) 1.1129( 8) -0.4681( 5) 0.8326( 4) 0.044( 4) 
0(3M) 1.1651( 4) -0.1759( 3) 0.85774(25) 0.0265(23) 
C(3M) 1.3158( 7) -0.1727( 5) 0.8324( 4) 0.034( 4) 
0(1MS) 1.2665( 5) -0.4482( 3) 0.6492( 3) 0.043( 3) 
C(1MS) 1.3965( 8) -0.5018( 7) 0.6910( 6) 0.071( 6) 
O(1MS) 0.8490( 6) -0.3791( 4) 0.4541( 3) 0.064( 4) 
C(2MS) 0.9704( 8) -0.3214( 6) 0.4273( 5) 0.055( 5) 
a IJ(eq) is defined as one third of the trace of the orthoganalized U.. tensor. 
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xvi Atomic coordinates and equivalent isotropic displacement parameters (A) for (16). 
Atom 	 x 	 y 	 z 	
U(eq)a 
Sm(1) 0.01193( 	9) 0.11980( 	6) 0.33202( 	5) 0.0300( 5) 
Cu(1) 0.03178(17) -0.12226(12) -0.01030(10) 0.0215(10) 
0(11N) 0.0260(11) 0.2147( 	8) 0.5427( 	6) 0.055( 4) 
N(1A) -0.1021(14) 0.2S78(17) 0.5276(10) 0.036( 4) 
0(21A) -0.1773(19) 0.2422(16) 0.4337(10) 0.033(3) 
0(31A) -0.1843(20) 0.3155(15) 0.5942(13) 0.043(3) 
N(lB) -0.0654(17) 0.2936(12) 0.5416( 	7) 0.073( 4) 
0(21B) -0.1365(19) 0.2907(14) 0.4512( 	9) 0.043( 4) 
0(31B) -0.0953(19) 0.3689(12) 0.6301(10) 0.046( 3) 
0(12N) -0.1501( 	9) -0.0057( 	8) 0.3902( 	6) 0.037( 4) 
N(2A) -0.2776(12) -0.0474(14) 0.3175(10) 0.025( 3) 
0(22A) -0.2901(19) 0.0012(14) 0.2513(10) 0.025(3) 
0(32A) -0.3862(16) -0.1194(14) 0.3185(13) 0.037(3) 
N(2B) -0.2704(11) 0.0089(16) 0.3308(13) 0.034( 4) 
0(22B) -0.2638(21) 0.0623(16) 0.2695(12) 0.038(3) 
0(32B) -0.4014(16) -0.0416(16) 0.3292(13) 0.040(  
0(1M) 0.1831(14) 0.3156( 	8) 0.4405( 	7) 0.064(  
C(1M) 0.1848(21) 0.4298(13) 0.4320(13) 0.070(  
0(2M) 0.2397(10) 0.1154( 	8) 0.2510( 	6) 0.036( 4) 
C(2M) 0.3960(16) 0.1745(13) 0.2905(11) 0.030(5) 
0(3M) 0.1478( 	9) 0.0392( 	7) 0.0335( 	6) 0.023( 4) 
C(3M) 0.2932(14) 0.0580(11) 0.0067( 	9) 0.026(4) - 
0(4M) 0.1997(10) 0.0452( 	7) 0.4353( 	6) 0.030( 4) 
C(4M) 0.2792(15) -0.0591(12) 0.3902(10) 0.039( 5) 
0(1R) -0.0705(11) 0.2049( 	7) 0.2144( 	6) 0.038( 4) 
N(1R) -0.1989(11) 0.2214( 	8) 0.0656( 	7) 0.024( 4) 
C(11R) -0.1797(14) 0.2504(10) 0.1723( 	9) 0.026( 4) 
C(21R) -0.2789(15) 0.3237(10) 0.2307( 	9) 0.033( 5) 
C(31R) -0.3921(15) 0.3679(11) 0.1809(10) 0.037(5) 
C(41R) -0.4120(14) 0.3342(11) 0.0691(11) 0.037(5) 
C(51R) -0.3127(14) 0.2610(10) 0.0136( 	9) 0.0237(23) 
C(61R) -0.3264(15) 0.2200(12) -0.1050(10) 0.038( 5) 
0(2R) 0.0015( 	9) -0.0704( 	7) 0.1904( 	6) 0.025( -4) 
N(2R) -0.0699(11) -0.2387( 	8) 0.0302( 	7) 0.024(  
C(12E) -0.0573(14) -0.1826(10) 0.1406( 	8) 0.0219(23) 
C(22R) -0.1045(14) -0.2581(11) 0.1904(10) 0.032(5) 
C(32R) -0.1640(15) -0.3729(11) 0.1306(10) 0.039(  
C(42R) -0.1822(14) -0.4259(11) 0.0178(10) 0.032( 5) 
C(52R) -0.1338(14) -0.3569(10) -0.0304( 9) 0.029( 5) 
C(62R) -0.1443(17) -0.4072(11) -0.1498(10) 0.039( 5) 
C(1S) 0.4954(17) 0.3535(13) 0.5973(12) 0.052(5) 
0(1SA) 0.473( 	3) 0.3027(23) 0.6569(20) 0.096( 4) 
0(1SB) 0.3573(24) 0.3259(18) 0.6200(16) 0.059( 4) 
Atoms with the postscript A' and B' are half weight. 
a U(eq) is defined as one third of the trace of the orthoganalized U... tensor. 
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xvii Atomic coordinates and equivalent isotropic displacement parameters (A) for (17). 
Atom 	 x 	 y 	 z 	
U(eq)a 
Gd(l) 0.38029( 3) 0.21064( 2) 0.27583( 2) 0.0307( 3) 
Cu(l) 0.41155( 8) 0.09299( 7) 0.55334( 5) 0.0298( 5) 
N(IR) 0.7541( 7) 0.2328( 6) 0.0545( 4) 0.047( 4) 
0(1R) 0.5552( 6) 0.2308( 4) 0.1572( 3) 0.049( 3) 
C(11R) 0.6449( 8) 0.1811( 7) 0.0958( 4) 0.042( 4) 
C(21R) 0.6361( 9) 0.0765( 7) 0.0669( 4) 0.045( S) 
C(31R) 0.7389( 9) 0.0321( 7) -0.0014( 5) 0.049( 5) 
C(41R) 0.8508( 9) 0.0926( 7) -0.0426( 5) 0.047( 5) 
C(SIR) 0.8580( 8) 0.1896( 7) -0.0130( 4) 0.043( 4) 
C(61R) 0.9743(10) 0.2569( 8) -0.0463( 6) 0.062( 6) 
N(2R) 0.1955( 6) 0.1820( 5) 0.5588( 3) 0.033( 3) 
0(2R) 0.2820( 5) 0.2295( 4) 0.4177( 3) 0.037( 3) 
C(12R) 0.1688( 8) 0.2453( 5) 0.4787( 4) 0.034( 4) 
C(22R) 0.0262( 9) 0.3246( 7) 0.46S3( 6) 0.055( 5) 
C(32R) -0.0841(10) 0.3348( 9) 0.5358( 7) 0.071( 7) 
C(42R) -0.0542( 9) 0.2697( 8) 0.6180( 6) 0.061( 6) 
C(52R) 0.0843( 8) 0.1918( 7) 0.6269( 5) 0.048( 5) 
C(62R) 0.1226(11) 0.1146( 9) 0.7122( 5) 0.064( 6) 
N(3R) 0.4777( 6) 0.1704( 5) 0.6398( 3) 0.034( 3) 
0(3R) 0.5273( 5) -0.0152( 4) 0.7012( 3) 0.035( 3) 
C(13R) 0.5333( 7) 0.0888( 5) 0.7074( 4) 0.030( 4) 
C(23R) 0.5945( 8) 0.1222( 6) 0.7771( 4) 0.041( 4) 
C(33R) 0.5958( 8) 0.2366( 6) 0.7764( 5) 0.038( 4) 
C(43R) 0.5371( 8) 0.3188(  0.7074( 4) 0.039( 4) 
C(53R) 0.4784(  0.2848( 5) 0.6398( 4) 0.031( 4) 
C(63R) 0.4135( 9) 0.3687( 6) 0.5621( 5) 0.049( 5) 
N(1N) 0.1385( 7) 0.1477( 5) 0.2002( 4) 0.041( 4) 
0(11N) 0.1312( 5) 0.1626( 4) 0.2811( 3) 0.045( 3) 
0(21N) 0.2591( 6) 0.1620( 4) 0.1526( 3) 0.044( 3) 
0(31N) 0.0379( 6) 0.1216( 5) 0.1687( 4) 0.062( 4) 
N(2N) 0.2848( 8) 0.4609( 5) 0.2284( 5) 0.053( 5) 
0(12N) 0.2156( 7) 0.3893( 5) 0.2095( 4) 0.066( 4) 
0(22N) 0.3921( 6) 0.4184( 4) 0.2754( 3) 0.048( 3) 
0(32N) 0.2421( 9) 0.5650( 5) 0.2030( 5) 0.086( S) 
0(1M) 0.6167( 5) 0.0420( 4) 0.4922( 3) 0.0318(25) 
C(1M) 0.7575( 8) 0.0453( 6) 0.5241( 4) 0.040( 4) 
0(2M) 0.6018( 5) 0.1981( 4) 0.3489( 3) 0.045( 3) 
C(2M) 0.7260(10) 0.2508( 9) 0.3274( 6) 0.068( 6) 
0(1MS) 0.7647(10) 0.4456( 7) 0.1008( 7) 0.107( 7) 
C(1MS) 0.8953(12) 0.4567(13) 0.1514(10) 0.113(11) 
0(9MS) 0.8597(21) 0.5291(16) 0.2248(12) 0.103( 5) 
C(9MS) 0.696( 4) 0.562( 	3) 0.0297(21) 0.122( 9) 
a U(eq) is defined as one third of the trace of the orthoganalized V. tensor. 
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xviii Atomic coordinates and equivalent isotropic displacement parameters (A) for (18). 
Atom 	 x 	 y 	 z 	
U(eq)a 
Dy(l) 0.37692( 3) 0.20947( 2) 0.26723( 2) 0.0248( 2) 
Cu(l) 0.41768( 8) 0.09003( 6) 0.55231( 5) 0.0256( 4) 
N(1R) 0.7408( 6) 0.2432( 5) 0.0438( 3) 0.036( 3) 
O(1R) 0.5343( 5) 0.2405( 4) 0.1412( 3) 0.0338(25) 
C(1IR) 0,6287( 7) 0.1895( 5) 0.OSG1( 4) 0.030( 4) 
C(21R) 0.6298( 8) 0.0824( 6) 0.0648( 5) 0.044( 4) 
C(31R) 0.7390( 9) 0.0346( 7) 0.0045( 5) 0.049( 5) 
C(41R) 0.8511( 9) 0.0946( 7) -0.0380( 5) 0.049( S) 
C(SIR) 0.8531( 7) 0.1955( 7) -0.0179( 4) 0.043( 4) 
C(61R) 0,9702( 9) 0.2643( 8) -0.0519( 6) 0.059( 5) 
N(2R) 0.2039( 5) 0.1738( 4) 0.5567( 3) 0.031( 3) 
0(2R) 0.2907( 4) 0.2215( 3) 0.4105( 3) 0.0299(24) 
C(12R) 0.1787( 7) 0.2348( 5) 0.4726( 4) 0.033( 4) 
C(22R) 0.0378( 8) 0.3104( 7) 0.4578( 5) 0.047( 5) 
C(32R) -0.0689( 8) 0.3198( 8) 0.5285( 5) 0.055( 5) 
C(42R) -0.0413( 8) 0.2549( 7) 0.6135( 5) 0.056( 5) 
C(52R) 0.0959( 7) 0.1807( 6) 0.6268( 4) 0.038( 4) 
C(62R) 0,1367( 9) 0.1068( 7) 0.7156( 5) 0.054( S) 
N(3R) 0.4883( 5) 0.1669( 4) 0.6388( 3) 0.027( 3) 
0(3R) 0.5373( 5) -0.0193( 3) 0.7064( 3) 0.0301(25) 
C(13R) 0.5441( 6) 0.0858( 5) 0.7088( 4) 0.027( 4) 
C(23R) 0.6047( 7) 0.1185( 5) 0.7782( 4) 0.034( 4) 
C(33R) 0.6065( 7) 0.2334( 5) 0.7748( 4) 0.035( 4) 
C(43R) 0.5484( 7) 0.3155( 5) 0.7018( 4) 0.035( 4) 
C(53R) 0.4897( 7) 0.2804( 5) 0.6349( 4) 0.031( 4) 
C(63R) 0.4261( 9) 0.3623( 6) 0.5551( 5) 0.047(  
N(1N) 0.1332(  0.1465( 4) 0.1954( 4) 0.036( 3) 
O(11N) 0.1308( 5) 0.1538( 4) 0.2791( 3) 0.038( 3) 
0(21N) 0.2493( 5) 0.1672( 4) 0.1453( 3) 0.035( 3) 
0(31N) 0.0292( 6) 0.1190( 5) 0.1658( 3) 0.053( 3) 
N(2N) 0.2751( 7) 0.4574( 5) 0.2342( 4) 0.043(  
0(12N) 0.1982(  0.3871( 4) 0.2177( 3) 0.043( 3) 
0(22N) 0.3997( 5) 0.4136( 4) 0.2656( 3) 0.039( 3) 
0(32N) 0.2253( 7) 0.5614( 4) 0.2180( 5) 0.079( 5) 
0(1M) 0.6179( 4) 0.0454( 3) 0.4880( 3) 0.0276(23) 
C(1M) 0.7603( 7) 0.0500( 6) 0.5189( 4) 0.035( 4) 
0(2M) 0.6026( 5) 0.1965( 4) 0.3334( 3) 0.036( 3) 
C(2M) 0.7200( 8) 0.2603( 7) 0.3113( 5) 0.049( 5) 
0(1MS) 0.7411( 8) 0.4622( 5) 0.0668( 5) 0.078( 5) 
C(1MS) 0.6540(16) 0.5694(10) 0.0258(10) 0.111(10) 
0(2MS) 0.9030( 7) 0.4882( 6) 0.1942( 5) 0.088( 5) 
C(2MS) 0.8489(12) 0.5591(10) 0.2631( 7) 0.080( 7) 
a U(eq) is defined as one third of the trace of the orthoganalized U... tensor. 
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xix Atomic coordinates and equivalent isotropic displacement parameters (A) for (19). 
Atom 	 x 	 y 	 z 	
U(eq)a 
Yb(1) 0.07373( 	4) 0.07613( 3) 0.25328( 4) 0.0433( 	4) 
Cu(l) -0.12566(11) -0.01578( 8) 0.02058( 	9) 0.0380( 	8) 
N(1R) 0.3773(17) 0.0873(9) 0.4404(15) 0.114(14) 
0(1R) 0.2309( 	8) 0.0454( 7) 0.3423( 	6) 0.071( 	7) 
C(11R) 0.3380(14) 0.0542(12) 0.3679(11) 0.077(12) 
C(21R) 0.4323(22) 0.0243(18) 0.3176(22) 0.144(25) 
C(31R) 0.554( 	3) 0.035( 	3) 0.349( 	3) 0.20( 	4) 
C(41R) O.571( 	3) 0.0715(21) 0.428( 	3) 0.15( 	3) 
C(51R) 0.498( 	3) 0.0994(21) 0.460( 	3) 0.15( 	3) 
C(61R) 0.505( 	3) 0.1390(21) 0.545( 	3) 0.24( 	5) 
N(2R) -0.2471( 	8) 0.0555( 6) 0.0668( 	7) 0.039( 	6) 
0(2R) -0.0974( 	7) 0.0548( 5) 0.1760( 	5) 0.04S( 	5) 
C(12R) -0.2030(11) 0.0782( 7) 0.1508( 	9) 0.046( 	8) 
C(22R) -0.2738(12) 0.1278(11) 0.2048(10) 0.072(10) 
C(32R) -0.3858(14) 0.1479(11) 0.1683(13) 0.085(12) 
C(42R) -0.4269(12) 0.1275(10) 0.0814(11) 0.070(10) 
C(52R) -0.3536(11) 0.0803( 8) 0.0328(10) 0.054( 	8) 
C(62R) -0.3909(12) 0.0525( 9) -0.06S6( 	9) 0.0S6( 	8) 
N(3R) -0.2184( 	7) -0.11S0(  0.0127( 	6) 0.039( 	6) 
0(3R) -0.1706( 	8) -0.0971( 5) -0.1313( 	6) 0.054( 	6) 
C(13R) -0.2219( 	9) -0.1401(  -0.0732( 	8) 0.039( 	7) 
C(23R) -0.2731(10) -0.2128( 7)- -0.0967( 	9) 0.048( 	8) 
C(33R) -0.3178(10) -0.2557( 9) -0.0275(11) 0.060( 	9) 
C(43R) -0.3149(10) -0.2281( 8) 0.0604(10) 0.052( 	8) 
C(53R) -0.2645( 	9) -0.1576( 8) 0.0797( 	8) 0.046( 	8) 
C(63R) -0.2610(12) -0.1239( 9) 0.1741( 	8) 0.059( 	9) 
N(1N) 0.0767(11) 0.2413( 8) 0.2677( 	8) 0.062( 	9) 
0(1W) -0.0057( 	9) 0.2064( 5) 0.2197( 	6) 0.057( 	6) 
0(21N) 0.1612( 	9) 0.1995( 6) 0.3019( 	7) 0.066( 	7) 
0(31N) 0.0737(10) 0.3123( 7) 0.2737( 	8) 0.088( 	9) 
N(2N) -0.0646(10) 0.0479( 9) 0.4050( 	7) 0.036( 	8) 
0(12N) -0.0294( 	9) 0.1172( 7) 0.3840( 	6) 0.069( 	7) 
0(22N) -0.0328( 	8) -0.0070( 7) 0.3597( 	7) 0.066( 	7) 
0(32N) -0.1295(10) 0.0395( 8) 0.4661( 	8) 0.086( 	8) 
0(1M) 0.0331( 	7) -0.0674( 4) 0.0325( 	5) 0.040( 	5) 
C(1M) 0.0515(11) -0.1517( 8) 0.0161(10) 0.055( 	8) 
0(2M) 0.1039( 	7) -0.0498( 5) 0.2056( 	6) 0.050( 	5) 
C(2M) 0.1285(14) -0.1201( 9) 0.2535( 	9) 0.065( 	9) 
0(1MS) 0.7169(17) 0.3818(14) 0.0706(12) 0.117(15) 
C(1MS) 0.6S4( 	3) 0.3108(17) 0.0670(23) 0.114(22) 
a U(eq) is defined as one third of the trace of the orthoganalized U... tensor. 
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xx Atomic coordinates and equivalent isotropic displacement parameters (A) for (20). 
Atom x y z 
U(eq)a 
La(l) 0.08536(10) 0.07711( 4) 0.25410( 	7) 0.0330( 8) 
La(2) 0.30411(10) -0.08056( 4) 0.41719( 	8) 0.0388( 9) 
La(3) -0.05338(10) -0.17153( 4) 0.42833( 	8) 0.0336(  
La(4) 0.28359(11) 0.01649( 5) 0.73420( 	8) 0.0479(10) 
Cu(l) 0.14413(18) 0.00096( 8) 0.38529(14) 0.0306(16) 
Cu(2) 0.08794(18) -0.08858( 7) 0.45047(14) 0.0289(16) 
Cu(3) 0,21724(18) -0.02059( 8) 0.55268(14) 0.0310(16) 
Cu(4) -0.07465(18) 0.02228( 7) 0.32844(14) 0.0293(16) 
Cu(S) 0.05578(18) 0.09306( 7) 0.43268(14) 0.0292(16) 
Cu(6) 0.13055(18) 0.06952( 7) 0.60326(14) 0.0290(16) 
0(1) 0.2337( 	9) 0.0357( 4) 0.5908( 	8) 0.032( 6) 
0(2) 0.1359( 	9) 0.1079( 4) 0.5207( 	7) 0.027( 6) 
0(3) 0,2503( 	9) -0.0073( 4) 0.4591( 	8) 0.031( 6) 
0(4) 0.1454( 	9) 0.0609( 4) 0.3897( 	7) 0.028( 6) 
0(S) 0.2002( 	9) -0.0769( 4) 0.S144( 	7) 0.032( 6) 
0(6) 0.0412( 	9) 0.0073( 4) 0.3104( 	7) 0.032( 6) 
0(7) -0.0280(10) 0.0768( 4) 0.34S1( 	7) 0.032( 6) 
0(8) 0.0248( 	9) 0.0987( 4) 0.6157( 	8) 0.034( 6) 
0(9) 0.1906( 	9) -0.0365( 4) 0.6495( 	7) 0.033( 6) 
0(10) 0.1441( 	8) -0.0585( 3) 0.3771( 	7) 0.022( 5) 
0(11) -0.0345( 	9) 0.1214( 4) 0.4790( 	7) 0.031( 6) 
0(12) -0.1202(10) -0.0328( 4) 0.3128( 	8) 0.040( 6) 
0(13) 0.3466(14) -0.0298( 6) 0.3204(11) 0.084( 5) 
0(14) 0.4433(13) -0.0385( 6) 0.4677(11) 0.082( 5) 
0(8R) 0,1793(10) -0.1213( 4) 0.6437( 	8) 0.039( 4) 
C(81A) 0.1984(13) -0.1530( 6) 0.6906(11) 0.062( 7) 
N(8A) 0.2317(13) -0.1446( 6) 0.7636(11) 0.031( 6) 
C(82A) 0.2532(13) -0.1769( 6) 0.8129(11) 0.024( 6) 
C(83A) - 	0.2414(13) -0.2174( 6) 0.7892(11) 0.172( 7) 
C(84A) 0.2081(13) -0.2258( 6) 0.7162(11) 0.052( 7) 
C(85A) 0.1866(13) -0.1936( 6) 0.6669(11) 0.044( 7) 
C(86A) 0.288( 	4) -0.1580(17) 0.897( 	3) 0.071( 7) 
C(818) 0.2184(15) -0.1558( 7) 0.6617(12) 0.033( 6) 
N(8B) 0.1857(15) -0.1751( 7) 0.7193(12) 0.040( 6) 
C(82B) 0.2166(15) -0.2139( 7) 0.7429(12) 0.095( 7) 
C(83B) 0.2801(15) -0.2334( 7) 0.7089(12) 0.103( 7) 
C(84B) 0.3128(15) -0.2140( 7) 0.6513(12) 0.087( 7) 
C(85B) 0.2820(15) -0.17S3( 7) 0.6277(12) 0.061( 7) 
0(7R) 0.3762(13) -0.1108( 6) 0.5335(11) 0.082( 5) 
C(71R) 0.3884(16) -0.1400( 8) 0.5847(13) 0.055( 7) 
N(7R) 0.4349(16) -0.1210( 8) 0.6463(13) 0.067( 7) 
C(72R) 0.4613(16) -0.1437( 8) 0.7098(13) 0.068( 7) 
C(73R) 0.4414(16) -0.1855( 8) 0.7117(13) 0.074( 7) 
C(74R) 0.3949(16) -0.2045( 8) 0.6500(13) 0.101( 7) 
C(75R) 0.3684(16) -0.1817( 8) 0.5865(13) 0.064( 7) 
C(76R) 0.466( 	5) -0.1250(24) 0.773( 	4) 0.145( 7) 
N(13A) 0.351( 	4) -0.0479(13) 0,8423(19) 0.148( 7) 
0(13A) 0.3285(22) -0.0527(10) 0.7771(17) 0.080( 6) 
0(14A) 0.363( 	4) -0.0798(15) 0.876( 	3) 0.361( 7) 
0(15A) 0,357( 	3) -0.0128(11) 0.8650(20) 0.113( 7) 
N(13B) 0.336( 	6) -0.1094(17) 0.840( 	4) 0.212( 7) 
0(138) 0.352( 	4) -0.0825(19) 0.798( 	3) 0.115( 7) 
0(14B) 0.339( 	4) -0.1428(19) 0.869( 	4) 0.147( 7) 
N(1R) 0.0327(13) -0.2607( 6) 0.5908(11) 0.048( 5) 
0(1R) 0.0444(10) -0.2180( 5) 0.4993( 	8) 0.046( 4) 
C(11R) 0.0479(17) -0.2541( 8) 0.5192(14) 0.052( 5) 
C(12R) 0.0581(19) -0.2879( 9) 0.4808(17) 0.070( 6) 
C(13R) 0.0609(23) -0.3274(11) 0.5142(19) 0.101(6) 
C(14R) 0.0472(21) -0,3333(10) 0.5843(18) 0.087( 6) 
C(1SR) 0.0309(19) -0.2993( 9) 0.6262(16) 0.067( 6) 
C(16R) 0.0171(21) -0.2993( 9) 0.7052(17) 0.083( 6) 
N(2R) 0.4239(15) -0.1901(7) 0.4020(11) 0.061(5) 
0(2R) 0.4195(14) -0.1210(6) 0.3859(11) 0.083(5) 
C(21R) 0.4662(17) -0.1544( 8) 0.3929(13) 0.048( 5) 
C(22R) 0.5580(19) -0.1566( 8) 0.3954(14) 0.062( 6) 
C(23R) 0.5948(21) -0.1955( 9) 0.4020(15) 0.072( 6) 
C(24R) 0.5449(19) -0.2312( 9) 0.4102(15) 0.066( 6) 
C(25R) 0.4586(20) -0.2283( 9) 0.4073(16) 0.069( 6) 
C(26R) 0.400( 	3) -0.2641(12) 0.4117(20) 0.114(  
N(3R) 0.2924(17) -0.1040(  0.1901(14) 0.087( 6) 
0(3R) 0.2451(14) -0.1109(6) 0.2994(11) 0.081(5) 
C(31R) 0.2649(21) -0.1275(10) 0.2396(18) 0.076( 6) 
C(32R) 0.2563(20) -0.1683(10) 0.2295(17) 0.081( 6) 
C(33R) 0.2809(20) -0.1843(10) 0.1656(17) 0.079( 6) 
C(34R) 0.3130(23) -0.1583(11) 0.1169(20) 0.100(6) 
C(35R) 0.3168(24) -0.1162(12) 0.1224(20) 0.099( 6) 
C(36R) 0.339( 	3) -0.0836(14) 0.074( 	3) 0.152(  
N(4R) 0.2991(14) 0.1573( 6) 0.3141(12) 0.056( 5) 
a U(eq) is defined as one third of the trace of the orthoganalized U.. tensor. 
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xx Atomic coordinates and equivalent isotropic displacement parameters (A) for (20) 
continued. 
Atom x y z U(cq) ° 
0(4R) 0.2303(10) 0.1036( 5) 0.2549( 	8) 0.045( 4) 
C(41R) 0.2631(19) 0.1405( 9) 0.2500(16) 0.066( 6) 
C(42R) 0.2641(21) 0.1610(10) 0.1839(18) 0.086(6) 
C(43R) 0.3079(23) 0.1932(11) 0.1868(20) 0.102( 6) 
C(44R) 0.3411(19) 0.2170( 9) 0.2509(16) 0.072( 6) 
C(45R) 0.3422(22) 0.1963(10) 0.3181(18) 0.085(6) 
C(46R) 0.3779(23) 0.2107(10) 0.3931(19) 0.095( 6) 
N(5R) 0.2127(14) 0.1100(7) 0.8745(12) 0.061(5) 
0(5R) 0.2213(13) 0.0460( 6) 0.8314(11) 0.075( 5) 
C(51R) 0.2092(19) 0.0708( 8) 0.8798(15) 0.059( 5) 
C(52R) 0.1801(23) 0.0555(12) 0.9457(19) 0.102(6) 
C(33R) 0.155( 	3) 0.0848(12) 0.9945(22) 0.118( 7) 
C(54R) 0.1672(21) 0.1265(10) 0.9844(18) 0.086( 6) 
C(55R) 0.1982(21) 0.1391(10) 0.9230(18) 0.080(6) 
C(56R) 0.2025(23) 0.1849(11) 0.9038(19) 0.099( 6) 
N(6R) 0.4611(14) 0.3797( 6) 0.3370(12) 0.059( 5) 
0(6R) 0.4859(10) 0.4297( 4) 0.2323( 	8) 0.041( 4) 
C(61R) 0.4695(16) 0.4206( 7) 0.3150(13) 0.044( 5) 
C(62R) 0.4563(17) 0.4498( 8) 0.3651(14) 0.052( 5) 
C(63R) 0.4328(20) 0.4374( 9) 0.4334(17) 0.078( 6) 
C(64R) 0.4197(20) 0.3962( 9) 0.4482(17) 0.075( 6) 
C(65R) 0.4366(18) 0.3681( 8) 0.3992(15) 0.057( 5) 
C(66R) 0.439( 	3) 0.3219(11) 0.4140(20) 0.114( 7) 
N(1N) -0.1758(16) -0.2299( 7) 0.4918(13) 0.066( 5) 
O(11N) -0.1353(12) -0.2418( 5) 0.4426(10) 0.063( 4) 
0(12N) -0.2240(16) -0.2533( 7) 0.5192(12) 0.099( 5) 
0(13N) -0.1630(12) -0.1938( 5) 0.5135(10) 0.064( 4) 
N(2N) -0.0288(15) -0.2048( 7) 0.2789(13) 0.062( 5) 
0(21N) -0.0464(11) -0.1680( 5) 0.2866( 	8) 0.047( 4) 
0(22N) -0.0145(14) -0.2176( 6) 0.2183(12) 0.081( 5) 
0(23N) -0.0273(11) -0.2285( 5) 0.3298( 	9) 0.055( 4) 
H(3N) 0.2304(15) 0.1449( 7) 0.6988(12) 0.056( 5) 
0(31N) 0.2101(12) 0.1669( 5) 0.6450(10) 0.062(  
0(32N) 0.2807(13) 0.1602( 5) 0.7528(10) 0.068(  
0(33N) 0.2039(13) 0.1106(  0.7017(11) 0.076( 5) 
N(4N) 0.1858(16) -0.1749(  0.4040(12) 0.059( 5) 
0(41N) 0.2486(14) -0.1558( 6) 0.4368(10) 0.073( 5) 
0(42N) 0.1116(12) -0.1573( 5) 0.4006( 	9) 0.055( 4) 
0(43N) 0.1918(15) -0.2109( 7) 0.3875(12) 0.093( 5) 
N(5N) -0.1132(17) 0.0452(  0.1559(13) 0.060( 5) 
0(51N) -0.0341(13) 0.0413( 3) 0.1390(10) 0.068( 5) 
0(52N) -0.1519(12) 0.0416( 5) 0.2123(10) 0.066( 4) 
0(33N) -0.1621(14) 0.0505( 6) 0.0967(12) 0.082( 3) 
N(6N) 0.1986(17) 0.0141( 7) 0.1867(13) 0.068( 5) 
0(61N) 0.1463(13) 0.0362( 3) 0.1479(10) 0.068( 5) 
0(62N) 0.2521(17) -0.0089( 8) 0.1602(13) 0.114( 6) 
0(63N) 0.2073(12) 0.0147( 5) 0.2569( 	9) 0.056( 4) 
N(7N) -0.0090(15) 0.1405( 6) 0.1514(12) 0.054( 5) 
0(71N) -0.0419(12) 0.1279( 5) 0.2085( 	9) 0.056( 4) 
0(72N) 0.0609(12) 0.1267( 5) 0.1430( 	9) 0.053( 4) 
0(73N) -0.0555(14) 0.1629( 6) 0.1082(11) 0.083( 5) 
N(8N) 0.0669(15) 0.1740( 7) 0.3302(12) 0.055( 5) 
0(81N) 0.1052(12) 0.1408( 5) 0.3360( 	9) 0.055( 4) 
0(82N) 0.0032(14) 0.1824( 6) 0.3588(11) 0.082( 5) 
0(83N) 0.0970(15) 0.2009( 7) 0.2947(12) 0.097( 5) 
N(9N) 0.4174(20) 0.0810(9) 0.7537(17) 0.055(6) 
0(91N) 0.3918(20) 0.0678( 9), 0.8059(16) 0.085( 6) 
0(92N) 0.4893(23) 0.1008(10) 0.7615(18) 0.113(6) 
0(93N) 0.3773(19) 0.0747( 8) 0.6968(15) 0.079( 6) 
N(ION) 0.4478(12) -0.0173( 8) 0.6616(12) 0.072( 6) 
0(O1N) 0.3735(11) -0.0290( 7) 0.6392(12) 0.070( 5) 
0(02N) 0.5088(12) -0.0329( 8) 0.6366(13) 0.090( 6) 
0(03N) 0.4623(18) -0.0005(10) 0.7214(14) 0.225( 7) 
0(15) 0.438( 	4) 0.0399(20) 0.807( 	3) 0.054( 7) 
N(11N) 0.00000( 	0) 0.00000( 0) 0.50000( 	0) 0.007( 4) 
0(0414) 0.0772(24) 0.0182(11) 0.5025(18) 0.059(6) 
0(0514) -0.0064(25) -0.0368(10) 0.4889(18) 0.057(  
0(06N) -0.0598(22) 0.0186(10) 0.5082(17) 0.051(6) 
N(12N) 0.3653(15) 0.0907(  0.4679(12) 0.056( 3) 
0(0714) 0.3718(12) 0.0584( 5) 0.5019(10) 0.061( 4) 
0(0814) 0.2907(12) 0.1072( 5) 0.4464( 	9) 0.060( 4) 
0(09N) 0.4277(14) 0.1078( 6) 0.4486(10) 0.072( 5) 
C(1S) 0.410( 	4) 0.0339(19) 0.074( 	3) 0.084( 7) 
C1(1A) 0.9270(24) 0.4489(11) 0.4990(20) 0.222( 7) 
C1(2A) 0.3696(20) 0.0683( 9) 0.1181(16) 0.174(  
a U(eq) is defined as one third of the trace of the orthoganalized IL. tensor. 
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